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This simulation is a versatile SIMSCRIPT progran 
designed to determine transportation destination 
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the San Francisco Bay Area. The through-put model was 
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annual number of delivery trips and the average 
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model that 1s as realistic as possible. Requirement 
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A. BACKGROUND 


Memes SuUDDLy Center (NSC), Oakland, California is one of 
five major support facilities in the United States Navy. 
Approximately 600,000 line items have been positioned at NSC 
Oakland to provide material support to active and reserve 
fleet units, local and overseas shipyards, naval air 
Stations, several overseas depots, and numerous smaller 
commands. Sle also has the capability of responding 
effectively to a wide variety of functional tasks. Those 
services provided include accounting functicns, household 
goods storage and movement, central area procurement, 
@@eration of a fuel support facility, and support to fcereign 


governments. 


NSC Oakland is further tasked with implementing these 
mission requirements over a vast area of the globe. iu 
Mec, it includes the Pacific Ocean (Hawail Area excluded), 


the Indian Ocean, and Northern California. 


In Northern California, direct support is provided to 
174 Local commands. The size of thes2 commands varies’ from 
a major shipyard to snall boats, and within this spectrum 
there 1s a group of unigue customers. They are UJ. S. Naval 
vessels which are mobile; each ship may be found at several 
different locations during the course of a y#2ar. Sen 
movement has impact on the material segregation function and 


the transportation requirements of NSC Oakland. During 





fiscal year 1978, s¢venteen vessels represented those local 


customers whose transportation destinations varied 
Significantly. Many nore than seventeen ships are 
nomeported in the Bay Ar23. However, the other vessels, 


when present, always berthed at the same location. Thus, 
their delivery distance requirements were known. The 


meventeen mobile customers include: 


Bight Auxiliary Ammunition Vess2ls (AE's), 

Three Auxiliary Refrigerated and Stor2s Vess2ls (AFS's), 
Three Auxiliary Oiler and Replenishment Vessels (AOR'S), 
Two Mine Sweeper Ocean Vessels (MSO'S), 


One Auxiliary Repair Vessel (AR). 


Table T is a statistical review of all vessels 
requisitions as documented in the Historical Denand File at 
Moree Oakland from Septeaber 1977 to September 1978. It 
amplifies the relative significance of vessel support on 
both a local and global level. Those vessels marked by a 
"x! berthed at more than one location in the bay area during 


the year. 
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FROM S$/77 TO 9778 


Sys NUMBER OF NOMBER OF PERG oN i eOh PERCENT OF 
CLASS VESSELS DEMANDS LICAL GLOBAL 
CV 2 3S) 58) ie 9209 Sicp sileysl S 
DD 1 2413 ~3742 -1118 
FF 3 22481 3.4862 Oe ZO 
SS 11 sie) 22 2.8878 oo | 
LKA 1 4116 18) Shei. 5 ees 
WHEC 5 4628 Ste aS 
oe 3B 5 4 26 Woe] Ou ow, 
AE* 8 46422 Tee Shears, 22156 
AFS* 3 46425 feels 3 Ps) 1 
AOR* 3 25194 55 choke! 1.1677 
AR* 1 35767 59.5466 eels dary 
nS Ox 2 39:26 -6088 en 2,0) 
mot ALS* 17 157734 24.4600 Payal U6 
TOTALS 45 OAS) BS TL US, iis 7 6 ere 10.0 


The seventeen mobile ships represented 24.46 percent of 
NSC Oakland's local business as shown in Table 1. The ships 
in this group were found to change location from as few as 
four to as many aS eighteen times in a one year period (It 
should be noted that trios in which vessels returned to 
their place of departure were not included) . A mobile 
Buseomer jocated at NSC Jakland today may be found tomorrow 
at the Naval Weapons Station Concord, some thirty-three 
Miles away. Thus, over a short period of time, 
transportation requirements may materialize or disappear. 
Such fluctuations have had a significant impact on the Bay 
Area Local Delivery (BALD) system which transports material 


from NSC Oakland to thes2 ships. 


eee OBJECTIVE 


J 





MoeeiS the intent of this paper to guantify, through 
Simulation, the impact of local mobile customers on the 
transportation requirements of NSC Oaklands' Bay Area Local 


Delivery system (BALD). 


fae COD E 


Simulation was chosen as the technigue for evaluation of 
this problem for the following creasons: ie The actual 
material transportation requirements Lon the mobile 
customezs were not available, and the cost to obtain such 
data was considered to be prohibitive; 2. Alternative 
delivery schemes can be evaluated prior to imposing them on 


the actual system. 


Only those previously identified local vessels, their 
movements, and the associated NSC Oakiand material support 
during the year from September 1977 to September 1978 was 


eamstaered in this simulation. 


The decision parameters utilized included both empirical 
distributions and elassical Grstributions. They were 
developed through the use of histograms and standard data 
analysis technigues. However, when data was linited, some 
distributions were subjectively developed. This approach 
Was taken under the assumption that it was better to utilize 
what information was available, rather then to use entirely 


acbitrary values. 
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ND PARAMETER EVALUATIONS 


=> = = = ee ec ee we a ee ee ee 


Exact identification and qua ncif Leation Oe all 


Simulation parameters and variables is not only a formidable 


task but, in general, an impossible one. It 1S apparent 
ena t any process complex enough to warrant computer 
Simulation will also require simplifying assumptions. In 
the interest of realizing a viable finding within a 


constrained time period ani with limited assets, numerous 
Suppositions were required. Whenever possible, each premise 
has been anaiytically or logically justified in the 


following subsections. 


SeeeeOSLLE CUSTOMERS 


The vessel movement data analyzed was extracted from 
fifty-four weekly Shins [Information Bulletins (NASUPPACT-30) 
published by the Naval Support Activity, Treasure Island, 
San Francisco, California. Appendix Ais an exanple of one 


sien bulletin. 
Figure 1is a graphical representation of the operating 
cycles of the seventeen port-mobile vessels for fiscal year 


Me7o. it is the basis of the vessel mobility sestion of the 


Seuulation. 


Ship movement between local Bay Area ports was 
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assumed to be a Markov Process. AS a consequence, Knowledge 
of past movements of a vessel will not Change the 
probability of moving from one location to another or, 
stated differently, the system is memoryless and will not 
modify future behavior because of Knowledge of past movment. 
Thus, a stochastic matrix of the transition process from one 


moeation to another was constructed. 


Since ships of the same class (for example, 
Auxiliary Ammunition Vessels) are operationally funded at 
the same level, operate with Similar life cycles, perform 
the same mission, and are manned at the same compliment; 
Ship movements were aggregated by class and Markov’ chains 


were developed for each class. 


Figures 2, 3, 4, 5, and 6 show the matrices for each 
Sap class. They wer2 developed by first identifying the 
Peres ViSited by each ship class. Those ports were then 
annotated on the left vertical and top horizontal sides of 
the class matrix. Next, these vessels! movements (Figure 1) 
were annotated in the matrix as follows: a. The initial 
location of a vessel was identified on the left vertical 
Side of the matrix; b. The location that this vessel next 
moved to was then noted at the top horizontal side of the 
Matrix; oc. A check mark was then entered within the matrix 
based on these two locations. This procedure was then 
repeated using this ship's new location as the lsft vertical 
Starting port of the matrix. When all the vessel movements 
Within a class had been processed, the probabilities of 
movement from one location to another were determined across 
each row of the matrix by dividing 211 elements' values (sum 


of a group of check marks) ina row by the total row sum. 
ste one were interested atigt determining the 


probabilities where a AFS would be expected to move given it 


is at Aiameda, Figure 4 would be utilized. Starting with 
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NAS Alam on the l2ft vertical side one would move along this 
row and note that there 1S a sixty percent chance of going 


to NSC Oakland or a forty percent chance of deploying. 


2. in Port Duration 


It was assumed that in-port duration times were 
independent of ship type, but were a function of their 
associated location. Thus, these times were aggregated by 
location and probabilistic distributions were assigned. It 
should oe noted, that a scarcity of data and difficulties in 
fitting this data has resulted in some uncertainty about 


these distributions. 


If a ship was conducting local operations and 
returned to its departure location, it was considered 
located at that port IONE the time period under 
investication. However, if a vessei departed and returned 
to another local port, the time in local transit/operations 
meemerrelucged in the arriving location calculation. These 
time periods were included in the in-port computations 
because it was assumed that material not deliverei prior to 
a vessels departure would be delivered to the vessels "new" 
location, and any material requirements received for an 
underway vessel would be sent to the "new" port. Also, if a 
vessel departed from a location and did not return to a 
local port within sixty jays, it was assumed that it was on 


a eight-month deployment to the Western Pacific. 


The following cesults represent the number of 
in-port periods contained in each time interval and is a 
general overview of the time frequency results. The in-port 
time interval corresponds to a ceili in table 2. In-port 
time intervais were determined by first calculating the 


in-port time periods for all vessels which visited e¢éach 


i> 





port. These periods ware then sorted by port. Time 
interval (ceils) were next selected which would result in 
approximately five in-port duration observations per cell. 
Due to the extreme spread of the data it was not possible to 
display the compiete cell data for ali ports. In some cases 
so few data points were available that the above procedure 
could not be done, and these cases were ommit2d from the 
Table. In other cases extreme values were observed which 
were more than double the next largest value. These values 
were in general considered outliers and were truncated fron 
the data s¢ét. 


For example, the in-port durations for NAS Alameda 
were caiculated utilizing Figure 1. They were then ordered 
and analyzed. The data was segmented into two groups. 
Table 2 shows the first three cells of this segmentation. 
In this case, each cell represents four days. The remainder 
of the distribution was also observed to be uniform (no 
Significent upward or downward trends) and they ranged from 


twenty-seven to one-hundred and twenty-nine days. 


Table No. 2. INTPORT FREQUENCY DATA 
PORT Se Lee EEL 2 CELL <3 
ALAMEDA 5 4 
MERE aS 6 5 
OAKLAND 6 5 
CONCORD 7 4 
TREASURE IS 6 5 
DE PLOYED 8 7 


These results are presented as a partial explanation 
of the subjective determination of the in-port time 
mestcibutions. Upon completion of the inter-departure time 


analysis, probabilistic distributions were assigned by 
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geographic location as f5llows: 


ae Naval Station Alameda: Fhe ~in-port time is 
uniformly distributed between four and seventeen days with 
probability Cavs and uniformly Beeston ced between 
twenty-seven and one hundred twenty-nine days with 


Peeoaobility .5. 


b. Naval Weapons Station Concord: The in-port time 
was found to be exponentially distributed with the parameter 
saat to .0612. 


ec NSG Oakland: The distribution was found to be 


uniform between nine and fifty-six days. 


@e Naval Station Treasure Island: The in-port time 
is uniformly distributed between three and seventy-eight 


days. 


e. San Francisco Shipyard: The maintenance time was 
meeemedays With @ .65 probability, or was two-hundred-forty 


Paes with a .35 probability. 


f. Todd Shipyari (Alameda): The time distribution 
memeerourd to be uniform from thirty-eight to eighty-four 
days. 


Gee Bethlehem 3teel Shipyard (San Francisco) 
Maintenance periods were either thirty or one-hundred-eighty 


days with 2aqual probability. 


h. Triple A Shipyard (San Francisco) : Ij erenete 


time was round to be seven days. 


dees Merritt and Pacific Shipyards (Oakland) : 


Maintenance time was forty-four days for both locations. 


Ve 





j. Mare Island Naval Shipyard: The maintenance 
periods were uniformly distributed between three and 
twenty-eight days with probability .668 or uniformally 
distributed between forty-three and ninety-one lays with a 


mee probability. 


k. Deployed: The time in this catagory was assumed 
to be uniformly distributed between fifteen and sixty days 
With probability .65, and was two hundred and forty days 
(eight-month deployment to the Western Pacific) wit 


Beopandility .35. 
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Pee ALERIAL REQUIREMENTS AND PROCESSING 


The material requirements and distribution processes 
experienced by NSC Oakland were reduced to a series of 
imicer=-related functions. The criteria ror this breakdown 
was twofold: first, the function must be estimatable; and 


second, only realistic processes were considered. 


Supseguent paragraphs discuss the various assumptions 
and procedures uadertaken to quantify the inter-linking 


segments of the material pipeline under investigation. 


ees iSstorical Den 


Numerous mechaniz2d data bases were available at NSC 
Oakland. dowever, after a detailed evaluation, it was 
decided that the Requisition Demand History File (RDHF) 
would provide the most useful data. Tne Requisition Demand 
History File is a readily available mechanized file 
encompassing transactions from two fiscal years. Figure /7 
Mepiets the standard format of the file's five possible 
@m@e=hundred character records. These records will be 
discussed below. This file is composed of those material 
actions (requisitions) which have been transferred from the 
Reguisition Status File because of their historical 
S@gniticance. Both the Requisition Status File and the 
Requisition Demand History File are composed of records. 
The initial basic entry which estaplishes the record is a 


reguisition and other pertinent data is sunpseguently added. 


A veacord~-oy-tecord scanning of the Requisition 


Status File is conducted to determine which records should 





be retained because of their historical value. The 
following decision parameters represent the significant 


catagories of records which are transferred to the RDHF{ 11]: 


ae Requisitions issued with and without proof of 
Shipment as follows: (1) if the record has been in the file 
Sixty or more days, without proof of shipment, a Record Type 
four is assigned; (2) if the record has been in the file 
Sixty or more days with proof of delivery and the issue 
group is one or two, a Record Type one is assigned; (3) if 
the ecord has been in the file thirty days or nore with a 
proof of shipment and the issue group is three, a Record 


Type one is assigned. 


b. Thos2@ records with an exception supply status 
(rejected/canceled) as follows: (1) rveguisitions in the 
file for sixty or more days and and in issue group one or 
two are assigned Type Code five; (2) requisitions in the 
file for thirty or more days and in issue group three are 


assigned a Type Code five. 


Gwe Records Which 2ndicate the item was sent to 
purchase as follows: Gime che record) has been tn the file 
ninety or more days without purchase order data and is in 
issue group one or two, or if the record has been in thea 
file thirty days or more without purchase order data and is 
in issue group three, a [ype Code three is assigned; (2) if 
the record has been in the file sixty days or more with 
purchase order data and the associated issue group is one or 
mwomor if che record has been in the file for thirty days or 
more and the issue group is threes, a Type Coie of two is 


assigned. 
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ae Data Base Establishment 


= ae =a 22 oe —— a a a ee ee 


Eight standard labeled IBM tapes were obtained fron 
NSC Oakland. These tapes were generated from the RDHF and 
they contained all material transactions from September 1, 
1976 to August 30, 1977. Over two million records were on 
these tapes. The transactions encompassed local material 
issues, demands for material not stocked at NSt Oakland, 
lnoter-depot transfers of material, and local procurements. 
The customers creating the majority of these demands for 
material were located world wide and numbered over eight 


thousand. 


As only data for local customers was desired, 
numerous extraction programs were developed. The resulting 
data base contained only issues from stock for local 
customers, including local procurements. Delos eh am the 
piled Lcation (duplicate records were discovered) and 
extraction or this data was conducted with the assistance of 
m 38. Nelson, LODR, SC, USN, a fellow student at the Naval 
Postgraduate School. Dooce oMeplertion “OF this reduction 
approximately 600,000 records (four tapes) remained and it 


was from this base that th2 vessel data was developed. 


ThosSe data elements actually extracted for further 
analysis were common to all file records and in the sane 
data fields. Specifically, the data frields used were as 
foliows: a. the document number's unit identification code 
Oiec) and date; b. the date received; c. the supoly 


MemtOon date; ¢. the guantity; and ©. the priority. 
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The Appendix B program, ANGSDATA, extracted those 
records from the local customer transactions data base which 


met the following conditions: 


a Only those records of the previously identified 


mobile customers were considered. 


joy Of the above records, only those records which 
the supply status code indicated that material had been 
locally issued were actually extracted (supply status code 
BA) . 


Each data record which meet the above criteria, was 
also coded to facilitate the identity of its owner and the 


Owner's Ship class. 


4. Sample Size 


In most cases the entire data base was used in the 
determination of the Simulation parameters. The quantity, 
submission time, and process time parameters (as described 
later in this chapter) were the only varibles in which a 
Sample was intentionally taken. This action was due to the 
limited memory space available for the execution of the 
PORTRAN program ANG$Dat1 and to keep the requirements down 
to reasonable values so that the required data runs could be 
made. In another case (Issue Group One priorities) a 
smaller sample size resulted because itsS occurrance was very 


scarce. 
Tchebycheftf's Theoren of Inequality [12] was 
utilized to determine sample size because normality could 


not be assumed to describe the underlying population. 


Since it was desired that the sample mean would be 


Zo 





meen One fifth of a standard deviation of the true mean 
ween a probability of at least 0.95, a sample size of 500 


was selected whenever possible. 


The FORTRAN program which begins the data analysis 
reguired for the simulation model is ANGSDAT1, Appendix C. 
Numerous data arrays were developed for further analysis, as 


follows: 


a. Total daily requisitions submitted by each 
customer were represented by a matrix (365x117). The 365 
dimension is the day or the year the requisition was 
prepared, and the 17 dimension represents the seventeen 
vessels under consideration. Quantities within the matrix 
were the actual number of requisitions prepared on 4a 
Specific day by a particular vessel (we will call this a 
reguisition bundle) . Date differences for a given customer 
Within this matrix will be called the “"inter-preparation 


tines" for the bundles shown. 


Dis From the quantity field of the first 500 
requisitions per local sustomer another matrix (500x17) was 
developed. This was done because the data base was random 
by customer and the quantity was assumed to be independent 
Semtne Ship's location anid time. The 500 dimension in this 
data array corresponds to the size of the sample, and the 
seventeen dimension again represented those vessels under 
consideration. The actual data elements in the matrix were 


the quantities ordered perc requisition. 
c. Submission time data for bundles of requisitions 


was also considered independent of the vessel or its class, 


and thus only one sample of 500 inter-arrival times was 
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extracted by selecting every one-hundred and eightieth 
requisition. Tts value was computed by subtracting the 
document's date of preparation from the dats of the 
document's receipt. This action was considered appropriate 
Since groups of requisitions were modeled, and it was 
assumed all requisitions ready for submission would be 


submitted together. 


om The process time for a requisition was modeled 
as being dependent on the Issue Group of the requisition. 
This parameter was computed by subtracting the document's 
receipt date from the dostument's ready for shipment date, 
ang was arranged into a matrix(500x3). The 50) dimension 
was the sample size, and the three dimension represents the 
Issue Group. Individual data elements corresponded to 


process times per requisition priority by NSC Oakland. 


6. Bundle Preparation Tine 


SS SE oe =—_ Sa ab me SS PP ee 


Appendix D, ANGSFHIS, is the FORTRAN program which 
differenced tthe document number dates as recorded in the 
inter-preparation time matrix and utilized tha standard 
library routine HISTG to produce a listing of the relative 
frequencies or times' from one to nine days for each 


customer. 


Analvsis of this data revealed a Significant 
Similarity of the output by vessel class. Figures 8 and 9, 
mmoetable 3 illustrate this similarity. Note the small 
values for the Standard deviations of the relative 
frequencies at the bottom of Table 3. Because the relative 
frequencies were so alike, the vessels were grouped by class 
in this and all other vessel dependent parameter 


evaluations. 
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Upon Gompletron or the class pooling of the data 
several probabilistic distributions were examined for 
ge racability. Since the histograms were exponentially 
Shaped this was the first distribution tested. The inverse 
of the mean value was used as the exponential parameter. 
However, this hypothesis failed the Chi-square goodness of 


fit test at the five per cent level. 


Next an attempt was made to fit a geometric 
Meecribution to the data. Inter-preparation times were 
measured in the data base by one day increments. Therefore, 
geometric parameters were established by assuming that if a 
bundle was prepared within one day, there were zero days in 
Which a bundle was not prepared. We will denote P as the 
probability of a bundle being prepared in one day. However, 
if an actual bundle required two days to prepare, then we 
Will assume that there was one day in which a failure 
occurred, i.@. no bundle preparation, and then a success. 
If a bundle required three days to prepare, w2 will assume 
there were two failures, 1. 2. day one and day two with no 
bundle preparations, and then a success; and so on. This 
results in a classical distribution with the following 


probability mass function: 


x 
PO jmeamrP (=P) forex = 0,1, 2,0. 


where, 
x = the number of "failures" prior to a success 
Pe-styecepObpability of 4 success 


Uegonuinatecly sthis distribution aiso failed to fit 
the data, although, it did orovide a better chi-square 


meatistic than did the exponential distribution. 


3/5) 





a —— i ee 


A combination of two distributions was attempted 
next. The author considered this approach because there was 
a strong possibility that any Single distribution would be 
overwhelmed by the inter-preparations of one day. The 
hypothetical probabilistic distribution was constructed as 


follows: 
1. Inter-preparation data of one day was separately 


modeled. Therefore, the probability of a bundle preparation 


occurring within one day was equal to a 


Ime The remaining data was assumed to be geometric 


Smatne provyability of preparing a bundie in two days, gee 
was computed from the remainder of the data. 
The detailed derivation of the above distribution 


follows: 
P POG eC e= ) 


x 
Cc? 1 ed P = 1 2 eee 
> | =) x sce ‘ 


where, 


DEQUapLTi tty Of a bundle preparation during 


mr! 
il 


the first diy 


TU 
I) 


probability of a bundle preparation in two days 


Ei pLrODablinty density function 


X = number of days with no bundle preparations 
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General solution for C: 


Nn 
P+ ST EPaqt = Py) = 1 
1 a — aan | 2 2 


n Xx 
ee Gene: Seca OG (=P) <1 


QO 
it 
~ 
= 
f 


es = P ° 


The Chi-square statistic at the five per cent level of 
Significance and with nine degrees of freedom is 16.92. One 
Would accept this hypothesis if the computed statistic is 
less than or equal to 16.92. The computed statistics for AE 
class, AFS class, AOR class, MSO class, and AR class vessels 
Meme respectively 7.544, 10.917, 19.419, 11.450, and 38.57. 
The hypothesis that the distribution fits the data is 
acceptable in three of the five classes. The AR class, 
Which had the largest error, was also the smallest in sample 
size ( only one ship was in the sample ) . There were three 
vessels in the other group which did not pass, however the 


smallest value was generated by the largest sampl>. 


It is concluded that this developed distribution was 


an acceptable simulation tool for the determination of 


bundle inter-preparation times. The variable names 
AE. 1UNDLE.INTER.ARRIVAL, AE SCUNDLE. INTER. ARRIVAL, 
AOR. TUNDLs. INTER. ARRIVAL, ASeo stun OLe et N CERO ARRIVAL, and 


AP. 1UNDLE.INTER.ARRIVAL apply in the simulation. 


i all Tine per Bundle 


tioswinterb-ablival time distribution for bundles sent 


by local vessels to NSC Oakland was modeled as being 


Su 





influenced only by the US Postal Service and as such was 
independent of both the vessel class and the material 


requirements. 


This distributiosn was tested using the Chi-Square 
goodness of fit test and was found to be exponential with a 
mean of 8.886 days at both the five per cent and the one 
percent levels of significance. It was assigned the 


Variable name MAIL.TIME in the simulation. 


8. Number of Requisitions per Bundle 


All the following distributions developed and 
implimented in the Simulation are empirical, except as 


noted. 


Five empirical distributions, one for each class, 
were developed , from the data to describe the number of 
requisitions per bundle. ThiemecOllowing ~“taple Lists the 
probabilities of falling in the ranges shown based on those 


Mestributions by ship class: 


38 





Table No. 4. PROBABILITIES OF REQUTSTTIONS PER BUNDLE 
Class Number of Requisitions 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71- 
AE item eee om en0o2 5030 .035 .025 .029 
AFS Tyee ome OG wos OS2 2019 .012 .003 ..024 
AOR ~478 HlOzeeeOSO me. 075 Y.056 5 oigrer PRIN 10) -041 
AR awe ie i 2oume O05 098 .106 .071 .124 
Number of Requisitions 
OS) ool 116-20 21-25 26-30 31-35 36- 
MSO Saree ome OO e025 8.017 5030 .000 .034 
Although ranges were used in the above table, all 
values utilized in the Simulation were converted to 
Integers. These parameters were modeled as random linear 
empirical distributions ah the Simulation. Their 
feentification 1s AS@®REQePER@CBUNDLE, APS*®REQ*PEReCBUNDLE, 
AOReREQePERe BUNDLE, AReREQePERe SUNOLE, and 
MSO*REQePERe BUNDLE respectively. 
9. Reguisition Priority 
A probability distribution for material priorities 


Was determined by calculating the percent of requisitions 
which were in Issue Group One (priority one through 


the 


three), 


percent which were in Issue Group Two (priority four 


through eight), and the percent which were in Issue Group 


Se 





Three ( priority nine through fifteen). It should be noted 
that the requisition pridrity was considered independent of 
both the individual ship and the ship class. Thus, only one 
distribution was developed for all vessels. This approach 
can be considered appropriate since all of these particular 
vessels operate under the same priority determination 


criteria. It was developed from the data as follows: 


The issue Group One, reguisitions of priorities 1 
through 3, were tabulated and only 72 out of 94,434 cases 
occurred. It was therefore very unlikely that an TIssue 
Group One event would be observed. In fact, this event 


would be realized only .)98 of one per cent of the time. 


Issue 3roup Peo, oriorities 4 Pi tOuwg A a, 
requisitions were found to be more prevalent, being 14,157, 
and their probability of occurrence was computed to be 
~1499, 


Issue Group Thr2s, priorities 9 through 15, had the 


highest observed incidence with a probability of .8493. 


The Simulation variapdle for this parameter is 
moOe*PRIORITY. 


The requisition process time was modeled as being 
dependent on only th priority (Issue Group) of the 
requisition. This approach was considered reasonable 
because different Issue Groups are actually processed 
differently. The various picking documents for the material 
are expedited to the warehouse and are colored differently 


for high priority material (Issue Group One and Iwo). 
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The Following distributions were developed by 
subtracting the date of document receipt at NSC Oakland fron 
the date that the material was ready for shipment in the 


data base. 


The Issue Group One reguisition process time 
cumulative distribution was determined to be between 0.0 and 
1.95 with probability .394, between 1.96 and 7.77 days with 
probability .423, and between 7.8 and 29 days with 
BPeooaptlity .183. Tt should be further noted that the 
humber of usable data points was less than 72 #=for the 
following reasons; (1) the original numper of data points in 
this Issue Group was only 72, (2) entries in the data base 
were discovered which showed that certain requisitions had 
been shipped prior to receipt of the requisition, (3) other 
date errors occurred; for example, several requisitions 
Showed that over 300 days were used in the processing time. 
These types of errors als) occurred in the other Issue Group 
data bases and were aiso ignored in the distribution 


computations. 


The Issue Grouo Two process time cumulative 
distribution was also between Zeros and 1.2 days with 
probability .5, between 1.3 and 14.3 days with probability 
-42, and between 74.4 ani 38 days with a .08 probability. 


The process time for Issue Group Three requisitions 
was between zero and 1.2 days with probability .56, between 
Meceand 15.5 days with probability .395, and between 15.5 
and 38 days with probability .045. 


11. Quantity per Reqiisition 


=> = SS ee eee 


Since reguisitions for material may be a request for 


more than one of an item, the appropriate field in the data 
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base was utilized to evaluate the process. It was assumed 
that the various quantities ordered per regquistion would be 
dependent on the vessel class. Thus, five cumulative 


distributions were developed. 


Those guantities expected for an AE class vessel 
were found to be between one and five with probability .608, 
between Six and ten with probability .238, and between 11 
and 160 with a .154 probability. 


The other vessel class distributions were nodelead 
with the same uniform ranges but differing probabilities. 
In the AFS class, the probabilities are .576, .171, and 
253 respectively. The orobabilities for the AOR class are 
meee. iol, and .227; for the MSO class .559, .143, and 
meeo- and, for the AR class .496, = oll and - 340 


respectively. 


That data requiced for the parameter datermination 
of this attribute was not available. However the author 
assumed a classical exponential distribution with an 
expected value of two pounds per each item. The aean weight 
per requisition géeneratei by this simulation was 193 pounds. 
Hernandez and Gallitz [3] stated that 28,586,168 pounds 
Seesed! year 1975), and 26,805,662 pounds (fiscal year 1976) 
of material were delivered by the BALD system. This equates 
to an average of 73 pounds per requistion and 69 pounds per 
requisition respectively (assuming that there was not a 
Significent change in the total number of requisitions per 
year from 1978). Observations by this author at the BALD 
Shipping and delivery points revealed that it was uncommon 
Memewitness a full truck load shipped. (jn ™ Seclones  suletsad 


Shipments were only one pallet level high, yet statistically 
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full truckload weights were recorded on the Shipment 
records. Because of this, it was suspected that the weights 


(12] are overstated. 


It is therefore concluded that the parameter of two 
pounds chosen for the m2an of the distribution was too 
large. Thus, the actual number of shipments made was 
Selected at a proxy measure of effectiveness for this 
variable. Resultant outputs from this assumption have not 


Peemmrnctluded in the results section of this thesis. 
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III. SIMULATION 


A. GENERAL 


SyscRIPT If.5 is a language particularly suited to 
discrete2-event step simulations. It has been designed to 
facilitate the simulation of large complex systems with a 
Minimum of effort in programming, designing, and testing tne 


model. 


mammps T1Ot the intent of this paper to discuss the 
details of this unique programming language, and anyone 
desiring to examine it in depth should refer to r2aferences 9 
aaa (\i3i«. 


meee ROGRAM DESCRIPTION 


The modeling 9f that segment of the BALD system impacted 
by the random movement of vessels between various ports was 


developed by considering two major se@ries of events. 


First, the vessel movements were modeled using the 
previously discussed parameters and techniques. This series 


of events deals primarily with vessel movement impacts on 


the ultimate destination of shipped material. This series 
also removes material from a "old" shipping queue and 
relocates the material in the appropriate "new" shipping 


queue corresponding to the vessel's new Location. 
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The remaining series 9f events recreates the material 
processing involved. Their Pogucaie scunctional order 
commences witno the preparation of a group of material 
requirements. Next, this group of material requirements 
arrives at NSC Oakland and is reduced to its individual 
material requests. These requisitions then are scheduled 
through the material processing system and a shipment 
availability time is determined. The final events collect 
Statistics and determine the frequency and the destination 


of the various shipments. 


1. Detailed Analysis 





The preamble defines various system variables, 
events, ani entities. Actual execution commences with the 
Main program. It first assigns user defined values to the 
permanent entities (ships). This segment then reads all the 
program decision variable distributions, scthedules an 
initial port change and bundle preparation for each vessel, 
schedules the initial shipments to 2ach port, and schedules 


the two one-time events, Stop.simulation and Equilibrium. 


From this tine Stereos oONsCRLPT Syvyent step 
Simulation time scheduling routine takes over. Events will 
occur as determined by the scheduling parameters throughout 


the program. The specifics events are detailed below. 


Bndle. preparation: This event schedules the next 
bundle preparation for each vessel based on the class of the 
vessel. nt then d2termines the the value of the 
number.of.requisitions (bundle) and then schedules an arrival 
time at NSC Oakland. 


irs l Valeo lindo: The temporary entities, 


requisitions, are created in this event. They are assigned 
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femeet heir attributes (o9fl10rity, quantity, and customer) 


based on the previously discussed parameters. Then a 
Ready.for.shipment event is scheduled based on the 
requisition's Pe lor it y. Finally, the temporary entity 


bundle is destroyed to release memory space in the computer. 


Change.location: The vessel's new location is 
determined based on ship class markov’ chains. Statistics 
are accumulated to resord both the number of location 
changes per vessel and per vessel class. At this time, if 
this vessel has any material in one of the port shipping 
queues, it 1s removed and put in the newly determined port 
shipping queue. The system statistics are also 
appropriately adjusted. Pinally, the next port cshange for 
this vessel is scheduled pased on the vessels current 


tecatlon. 


Ready.for.shipmeit: Diershep LNG pLocation is first 
determined, and the requisition is filed in the appropriate 
shipping Jueue. This event also nay schedule an immediate 
Shipment of material depending on the decision rules 


involved. 


Shipment.to: This event computes the majority of 
the statistics. Peeealso m= Contains ali decision ruies on 
Shipping stratagy. Upon completion of this event the next 


shipment to is scheduled for this port. 


2. seeds 


Since the pseudo random number generator was seed 
dependent, ten seeds were initially selected and progran 
runs were made to identify equilibrium conditions and 
reverify tne simulation's validity. The seeds were selected 


at least 800,000 numbers apart to oreclude overlapping of 
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the number stream. 


In order to to evaluate the stability of the 
measures of effectiveness as related to seed changes, Ten 
runs (one cun per seed} were made with each decision rule. 
It was noted that in some instances the SIMSCRIPT progran 
exceeded the 430,000 bytes allocated . Since th variations 
in the measures of effectiveness (average wait time and the 
Number of shipments) were minimal, it was not considered 


necessary to rerun these programs, see Appendix H. 


The equilibrium or steady-state of th system is 
defined as a condition of regularity of stability in which 
Opposing inrluences are balanced. Thus, 1t is assumed that 
for this model there is a Limiting probability distribution 
of the responses that is charactertistic of the system. 
This state was jetermined by a method stated by Conway{5]. 
Specifically, the series of measurements were truncated 
until the first of the series was neither the maximum nor 


the minimum of the remaining set. 


The number of reguisitions shipped to each port was 
one of the measurements evaluated in the above manner. The 
determining port was WN.A.S. Alameda and the time to 
steady-state was two weeks. Inadvertently, the number of 
Shipment's variable was not adjusted for this two week 
period and a lack of time precluded the rerunning of this 
computer simulation. Thus, this measure or effectiveness 


was accumulated over a fifty-four week interval. 
A determination of the equilibrium condition for the 


ship movements was not made. The ce gt eed starting 


conditions for the simulation were chosen so that thev were 
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Myereat Of the steady-state condition. frOu sexanmple, all 
vessels were initially Located at factual locations, rather 
than positioning them arbitrarily and then determining the 


Steady-state condition. 


4. Shipping Strategies 


Four Shipping decision rules were analysed as 
BOllOws: a. CASE I - all material ready for shipment is 
Shipped daily; b. CASE II - all material ready for shipment 
mmomboped weekly; c. CASE IIIT - in addition to CASE II 
actions, Issue Group 1 material (with all other destined for 
the same location) is shipoed immediately; d. CASE IV ~ in 
addition to the CASE III decision rules, Issue Group 2 
Material (again with all other material in the appropriate 


queue) is shipped once a day. 


Appendices E, F, and G contain those avents which 


Memeo mOdified for each dazision rulsa. 


Two measures of 2ffectiveness were selected. ELESt, 
the amount of time reguisitions were waiting to be shipped 
was chosed as a measure of customer service. Second, the 
actual number of shipments released was selected as an 
evaluation of the cost of the chosen stratagy. The total 
Dumber of shipments is considered a proxy variable for 


Put poping costs. 


Se RESULTS 
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The outputs from the forty program runs have been 
tabulated by each decision rule and are presented in 
Appendix H. The logically expected results in the mean 
Waiting times was obpserved. Mean waiting times of .48 to 
-53 were observed when shipments were daily. Under weekly 
Shipping rules the mean waiting times were 3.41 to 3.61 


days. 


Since program runs were seed dependent and a comparison 
or decision rules was desired, only those runs in which all 
results were obtained for all cases will be examined here. 
These runs were numbers 2, 3, 5, 6, and 8 as found in 
Appendix di. Data fron these runs were then averaged by 
Issue Group within each decision rule (cass). Weighted 
averages were then computed per case by assigning weights 
Which were representative of each Issue Group's probability 
@emeoccurrance. The values used were .0008 (Issue Group 
One), .~.1499 (Issue Group Two), and, -8493 (Issue Group 
Three). The results of these computations represent five 
years worth of Simuiation per case and are presented in 
Table 5. 
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io woe LON AND CONCLUSIONS 


a ee ee eee ea = > co ee ce ee ee ee 


eee ao CUSS LON 


It is noteworthy that minor variations in the average 
@eeeerng times have Significant impact in the total number of 
Shipments. Increasing the waiting time per shipment from .5 
memes. days has the effect of reducing th2 number of 
Shipments from an averag2 of 2076 to an average of 319 trips 


per fifty-four weeks. or a 6.6-fold decrease. 


However, adjusting the weekly Shipments by shipvding 
Issue Group One material immediately (CASE III) reduced 
MiesreWalting times to zero, yet did not significantly 
increase the total nunber of shipments 2xperienced. [In 
fact, they only increased from 319 to 387 per 54 weeks. 
This is not an unexpected result since there was only a .08 
per cent chance of a vessel generating an Issue Group One 


Shipping requirement. 


Finally, CASE IV decision parameters resulted in almost 
the same number of shipments as when daily shipments were 
made. The average number observed for 54 weeks was 1853, on 


the averag2 only 263 shipments less per year. 


The weighted averages of each case were used to 
@enstruct Figure 10. The dependent variable was the mean 
Wait time in days and the independent variable was the 
number of shipments made in fifty-four weeks. The curve was 


constructed assuming that the unknown 6 alo aokie ya was 
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"hyperbolically" shaped. This assumption was supported by 
the observation that as the number of shinments approach 
infinity the average waiting time would be expected to 
become zero, and as the number of shipments approach zero 
the average waiting tine would be expected to become 


mara nite . 


a2 





WEIGHTED AVE WAIT TIME 


NUMBER OF SHIPMENTS 


fFrguse 10) = 


SH EPME NLS | V2 
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WALTENG TIME 





miemeciwrve OF FPigure 10 provides a practical tool for a 
decision maker. [If an objective function is known (such as 
a decisicn maker's relationship between the relative 
importance of waiting times and the number of shipments) , 
the "optimum" number of shipments could be determined. For 
example, if it was decided that the number of shipments was 
twice aS important as waiting times, an objective function 
could be constructed as follows: total cost = (cost 
constant) x (waiting time) + (cost constant) x (2) x (number 
of shipments). The appropriate cost constants would have to 
be selected to convert the variables to dollars. This 
objective function could then be used with the curve to 
determine an "optimal" solution. However, this solution 
Should not be attempted until additional simulations are run 


to verify the midrange of the curve. 


B. CONCLUSIONS 


In view of the simulation results, it would appear that 
actual modification of the current shipping parameters may 
yield substantial transportation savings. However, because 
Such parameters as the weight and volume of the larger 
Shipments were not evaiuated, delaying a shipment beyond the 
time wnen a full truck load is ready for shipping would not 


be expected to result in any savings. 


rt is recommended that follow-on modeling in this area 
Ben conducted. The weight and volume parameters should be 
identified and decision rules should be aodified to include 
maximum and or minimum weight/volume shipping restrictions. 
Additional shipping strategies (cases) also need to be 
proposed and analyzed (for example, allcw Issue Group II's 


momoe Shipped every other day, every third day, etc.} to 
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meet) the Middle of tas curve of Figure 10. Finally, the 
Simplifing assumptions of the model presented in this paper 
heed to be critically creviewed and any which seriously 
violate reality should be replaced by more realistic ones 


and the analysis repeatei. 


2. 





APPENDIX A 


SHIPS INFORMATION BULLETIN 


NAVSUPPACT=-49 SHIPS INFORMATION - 765-6561 SUNRISe SUNSET 


ra 
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0900 UNIFORM PORT SERVICES OFFICE 160530U LaieGay 
14-24 APR 78 NAVAL SUPPORT ACTIVITY L3GS29U 19,a44U 
{TUE-MON} TREASURE ISLAND 2nos2au 202645u 
SAN FRANCISCO. CALIFORNIA 34130 240S2LU 22185Qu 
AREA CODE 4LS UNLESS OTHERWISE INDICATED 220S52SU 221454u 
230S24u 231aSeu 
2ugs2Zu 241asau 
SOPA SFRAN. COMSERVGRU ONE. CAPT E.d. MESSERE. USN 
SOPA SUBAREA SOUTH. COMSERVGRU ONE. CAPT E.d. MESSERE. USN 
SOPA SUBAREA NORTH. COMSERVRON THREE. CAPT C.WU. O'REILLY. USN 
COMCARGRU THREE - 469-2232 
COMSCPAC = 4bb-S315 
COMSERVGRU ONE - 446-5812 
-COMSERVRON THREE - 707-446-2534 
SHIPS PRESENT SAN FRANCISCO BAY AREA 
SHIP HULL BERTH PHONE 
BLAND T-AK-277 NSC WEG-S950 
BROSTROM T-AK-255 NSC Wbb-S710 
CARPENTER po-a2§ Nas-ero ““ay/7¢- Fee 849-3037 
cook are Y2/7f = FF-1083 = TRIPLE A SHPYD §22-2120 
BXGEL MSO-439 TODDS SHPYD ALAMEDA 523-0321 
FANNING 272% “r/o FF-1076 TRIPLE A SHPYD §22-2360 
FLINT se AE-32 NAS = £70 YaG¢~wPASTH — 39-37 bb 
GALLANT 27t Gr2/7?  mso-489 = PACIFIC DRYDOCK 393-1092 
HADDOCK 7a 7Y/42f/7F SSN-beL = MINSY 7O7-b4b-43570 
HALEAKALA AE-25 WPNSTA b71-soo4 
HECTOR AR=7 NAS 869-3970 
HEPBURN Ere 9/73/77 FF-10SS TRIPLE A SHPYD = 822-8712 
KANSAS CITY AOR=3 NAS = E70 Yadf/ot-Sé 864-2020 
KISKA AE-35 NAS. 270 a en 869-3650 
MAUNA KEA AE-22 TODDS SHPYD ALAMEDA $23-0321 
MOUNT HOOD AE-29 NAS gL9-u722 
MYER T-ARC-& NSC 4bb-SOOL 
PERMIT _ SSN-595 9 MINSY 707-646-3264 
ROBERT E. LEE Le Ya/ggSSBN-S01 MINSY 707-646-3432 
SEAWOLF SSN-575 MINSY 707-646-4197 
SHASTA AE~33 TODDS SHPYD ALAMEDA 8&5-0445 
TAUT 0G SSN-639 9 MINSY 707-646-4150 
VANGUARD T-AFM-19 NSC Ubb-6398 
WABASH Ee L3fr¢ AOR-S TODDS SHPYD ALAMEDA $23-032) 
MIGEC NRA Falls AFIS 3 NAS CEH %a4/oe) 





APPENDIX B 


FORTRAN PROGRAM ANG DATA 
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APPENDIX C 
FORTRAN PROGRAM ANG DAT1. 


9 


/ 

/ 
be PEe 

2 


my “~ t 
° ¢ ey ae 0 e <j 
a en) ta ~) 7 fia 
ee. of) UL — NJ Cx ™ 
MU) “oe! } * ie tu 
tk L\~— eO™ <J Po ics b- bt 4 t- 
~O OD a ie ) Cr LOVEE «Tt WL! <1 LILI <I qt! 
‘ad Oo b Cs “ITY CY Hi m— fF ONO cS Cit Or 
<I rT ee mae o~ ~ MC my <<] bt <f tet 
ino tl eieY (D e <I Ot = > om FAQ! fe @ 
YAU = <i Oo =. LL) ‘ai 4 + + { ea | ro 1} 
Uy}- I z= © WO e }— i (AP + 
COUL i en KN <1 —4 o (NICD oS ie ie we | ivy | 
Era ~ om st -— AIS ge. - (% th bdo tl k= it! Lt 
Zo. = Com ee NN i=) os ot soe ae 2, aie Ona ae EN 
af ee: iO mi HO o bu - <{ <i <f WIC <I <1uU 
=<t<7- +f +2 eed Pa = = a ese C Reon Or Or 
- a. fi He oes Cy “i Ly) ee a at bt bee . 
<I ‘aN COG eo“ UU = a « e (J cS G. Cc 
53 T) WNCo Nees ° hw Te ee Toon ke @ Wo HW ws = 
<I ao = OL Coe & -) +t Li) {1 
f- > ba ee 3 ~ CY -_ o~ ON Tae oe ~~ if © ~~ Al a Il 
os OT Lt? Im © O a) Mm x LILES <f +4 MN} m ~ 
Tu ~ Ph ) ~ —+ CS CI te tC om) Om — t_) 
- o Cs] OO rr = eA - <I <te ott eo OIG raf) rey — 
a - bm ime = (YO em ome EN acn~ ee oon ol OY — © mit! ar = 
Ss re ro ae UOC OO wt mi ht (Li C5 seal ane Lael ~N st ~~ — 
r- ‘e 8) ef oe Ww tt ° a Cle Coto +e Cie NW +C Cet an) - 
Cou’ ON —_— ee <I <I Hiss dK mom oi Coe Cc t Om AG 
1 Ex ©W——~ Mee CAM }- Bb end 9, ge C™ OO eH Ye Cm CQ + we 
fag = e -O™ GONN oy oe Go) ° Ui Meee AD WO Ao +*+-MCO Qa Fa 
= — ert +- OM — eo NI Eee 1 ~~ 6X ene! m=O ~~ 40 _ <j 
>t UL. ag! ~~~ oH SO) (Ge vae, © eet <i rt Ce: tor a <<! CC. <J ap Poenes 
Us Ou “SR C Oetes - Cie 2 ie | aw AODm ows Se C2 
O CC Aaa (e—@ m4 eH) Cie G) Ch GB CO IO >) 7 
me - —_) 20 ™ Os= eo @ 1co bo —~Y Om Oe Dom hen D O~+t + 
“A C) Gee Ori Hm. Dede be oa CNCOe ING Tc in 7 Ore Ly @ — 
oe AN Ose Derm™m™ wW ae) bk b- en GD i oe ee a Se oe oN orn a 
OST aE QOMmD—™ On #O 7-2 e © ee, OO e ® olny e emnO e Ff PLY ib Sma 
Wer WN Kode ee TOCTNHUIOCUOCDYO ee ¢ @re te Ue eC OR le NN 
Oz WW m eN# OOS OW WIR XK Ww cc Jj 6 =) ” <2) el ) —_) ett in) 
Le ¢@ WOODrsa TODOS ¢Kiet @ © eT enol aad emt OL em OT”"N elle em Om ellie 1 @ 
= 2eNdtODOI~KOSzNHOF mi] LIL <f et et GN te) Al rt SS te 
OOMmMOOW HONDA SNAWO RHO, one tt © ttre OOH Oe I mentee OD Hy ) eh QO} 
Za iLet SF 2. OVID ODN ei ta MIE Iq aQaaWwe waa tes wo Jt Wes Zs eo 
mre AaaNHtZsOU CeO ~a Dawe OO~ AD ~awO Dh WN DULN RON DS 
AWTAOM AWA OTA NOUO NH 44 CT) bt (SELL he CO COLL HOO YH COM LL Se So 
JS Dt NW OQWeqenogo atu Lon Wit 2 i. 1h ub OO ui Ub UWitbu CO LL ou eee. Le 
Alu oi) MLO ORL) © MMU OO Meee 1 et oh | pe nd Pd py beg Da Pad frend P44 py bend bond bed (et 
C) 1 49 Lu F- ee a e 
ILrFMNO <M & 
2 UM 
warwet UW © 
Lots =~ ss © ) © HN (Ty st 
Le. Ss vom OU Ss N NAN NO 


a); 





Sele. = ze, 
ies ~ > 
ea mt pene b=! — 
a oH +t a wot 
Li Wat Fo a, aay 
a sr oe? mae = wwe 
<I AO: CG. - 
f iy AO ane a ~ = 
m1 ye G7 | . - 
CY OO. cox oan +1 
! CeCe 
1 be _ — 
UJ +i- FR - -4 
}- <J <j <f on} a 
<I Coy Gl eee GS o o 
ts Oe S) @ 
4 ~—ti ULL an OJ 
wor — wee? 
i" 2a 
C)ea—_—— tL! us 
~ HN b- 
Jt Cone ee ee -— aaa 
a - 0 0.0. ac rae 
~ a EES, = = 
- = Ren eo 
+ am ( (OO © © 
<I QU pet te 
cH AQ) ~~~ r ry 
Ou Atte LL Lis 
~_ mOW MDciec a aie 
OQ I-O COLO Wen * 
SP, e Ul Omnis OO ~O 
Te) tt OO COLL UL LL (Kame We 
~ OC) est el f- -> 8 S-7D 
e hus et OTH UW Her er Ne SS 
7) SH HO epee eet 
es cout Ot em em men at me ON oh ee 
COW HE LOU Peni it Hn osm oul 
< ZOO Fanaa Dea DzZ2an 
“OD VibaqIDDDONOSZA Of eek 


Ltt O UME SF OQOOONN~SeMO~EF- 
m— ZY SO eae 
eG) (o-1 ee(O Gi eiG) Git. Cc) Goa 
OVUMmMOW £Fth 900 OOretl OOO UW 


26 


ee) 


os a a) 


‘op hee) 
aN 
pa) 


ON 
na Tan) 


= 
— 


TIM’ 


See sek, a 


cous Cot 
QW Ve 


2 al _~ 
—_ an e Ge 
un Oe 0 “. Cay 
cm any @ in Ge iy 
AY OY © iO e- } tit o 
° + o + ° rr = 
Nt ON ao ~ " 
<f o WN os (any ~~ 
—~ NJ & Do Os ei oe panes 
= Hol == Se — LW <{ ~ 0) 
~\ ap Lae; ™~ e p44 ti ty 4 o 
- a, (oN ieee a O —— 2 a rs 
e 2 Fees - U OY ee 
4 a—~ OA aN 7 nO CF a) © " 
a6 MO et ls « i ba a ete 
v) 2 eet ae, cr. <{-m™ + + 
Us Ua o oe > panty Oia! o 
Doe bebe ee ~ i} CF or I ~ 
fat Reece nt eae ae wate —~ eH 2) 
©) ee AOHN oe) o </ ud Ox» & Q 
ye Pe. ome ie wy of sS Om in 
a tll tl oF ge e —i 1 ond g-- (TF) 
Cm MY Cre er a mo b. NW ee — 
ic. Move LIV ae T a ee 
ty. © ~~ (Cy YK he “re 0 co eni tl © 1 
- Ao Te PERI oN a Cee 1 ft ~~ eTaT 
uf ww ct @* @ -_~ Y + T ™~e NO CW ee 
Ce: a Use O ee (54 WY Tet ers & o 
paren Cee - O en NN ell Onresaa — 
Te a om © — ee Ci UL tect wee eo Il = 
Wem FF Kreme ~S ~ © D NW eelLNnHrK «+ 
yt ee ROE KEN Pad mOU UW em K LC Ow Fe uF 
Wis ff: a meio te <j an © B Yv em lr oun 7 
wes > ew OO = QC) © et wet eH fs 
QOn = aU Cc ew 4 Ge mC or) ey Q 
LIOamn me <i ~ ~~ CUCnW WO ~OCa~mMOF- 0. 
mo CO hee LI oC ee Y OK eniety Jd 
* bhoOnm ie © CO eM - COLL o = OOF} ee em STAR 
Ge et es ™ “rm oe =~ 1S ae ~ let ome OD <T —~ 
<=. CSD I @ zal aod ae ~ eUnl- * ODOmewXF —M 
[ti owe we we Oe we —— me Rt ee KIO OO ee 
ZOANN we un o —~ = Ith DARD wiNhams wo 
asA+e4 OO FOOT FOONX © erts St eam th em O © © emN OM 


FF ACMMN& AIM «NE ANON MOS LUM © = LINK OM HHO NN 
Ho Oa arta ded4rdi-p ie eet et NH OO HSI HON oe ORO 

“we Fefe © em © emt OLLI tee ON oO -te eof FH ONT eS NOOR 6 
= WU Ow O QO OOH DN (OM O™ OO OQ we Ee NN SO ~ 
TOU WW dius Meet id Ol emda <u 
MAME S REFERER ENEF- SE SE SPE EHO SESH I- SES 
Se 6 TO ie ae 2 8 A ee oO Ae? ae ee es eee ae ee 
Ms AVOCKCKLCOCAOOOCOADAONKANMAIWwLO OYCYNOCO 
C12 Wesu 2 £ EL BE EIL HO ZU BU ZU a SUS OH FUL thw BULL 


132 
al 
+ 
135 
136 
SO 
ee) 
156 


i. 

v4 

fm 

(f) 

a 

= 

! 

(Y 

(it 

if) 

It 

eae | 

C 

= 

< 

I 

e 

O 

-_— 

2 

WY 

e 

WW 

C3 

ead] 

e 

Oo bt 

AQyMm OJ 

eres st 

eit, on 

mm OY) Va 

- © i 

Lit @—s xy 

t— 4) rad t/} 
LLitt —4 Ae 

Ss —! Or Cc) 

col see cee © © ee G2 | 
t-UIO > 

UL) pny woaee Ww -—- 

© 

0 I 

: UL 


60 





SDS - > » 
Bis, UR ts —~ UU ™ 4 _ 
Le - t! Wy os —— UL Cee: 
aa, ne noe > aa |" oem ae Ts. 
Naat oars US Nea 2 cee ° 

iI — " ~? iT J tt aaa 

cx ne Se & —- Cc ~ 
a en a \J e UW) ° UU ~ 
WY CG ’)} cy WY ea Y a 

\! © " C) WW o>) tl pt 
Pel DS 2 aes OE, ee an” Gee AO se 
cf = C Oo) 9s? (Cs 6 
> iT > - > Se Fe 

~ ti ~ iT] ° i a 1! 

J; te) wt UJ wf ee ~t Li 

= re OO on er Cn 
ay OA wm SF NM A -|N <a 
O53. 2x). N © Gr) °c: 

I! - tl /) i (f) 1 W 

t- on ik ~ +f - - ° 
m4 em) ae — —+ meg ~~ 
Ze Jen ge Oe eS Se OE 
So ee fee es eG ED oC 
~°O et ott © © 
NC? tt NUlO INFO wr mt 
OuUU Oa il Or tt 0 ell 
Nan © el Mrs Mmulw 
m~™Puiki Dan Gem Qam 
zat eM Mua mee Rete 
etre HAM HNN WRM 
ef Jot kF *Y +fUuYr rf OO 
Oy ak aint fe Gi eI Ce Ce 
230-20 "Oe a Gm GA "'"'cd 
ce NN) —_— © OA e@ x <f oe 
eras uiemwm Ham urwo 


m~Ul<TA (Cc IO. 7% Awe aa.@7 

QO. TD Je Lam pet ad em ee ome eet I om 
ta Le Lek TT sl. LL +6. 
UI SOIMM WOM MWoOIM mw QWM au 
YY ef) PFILIND PU WO) etl lL elLiuiie 
2 ee | "8 aS iy Alte itty 
Olm eS C—O eet oS SOr4 oF 09 CE 
AOOPrULADE-LOOFrFWLACrEILIAG 
IOS SINSSONUIONU IJONOS 
MPU TINOU WOU FWOUW ZfUOoZ 
MW OVD NES me ION OE er AOL = OO AT OY rt 
OL WAN HNN HAN IAIN HED 
Wek Ht Wak t Hake HH ake ta 
mel 7 OYVL Se OWMILS OYIILsSe Nw 
OZ tM MMO *MOr Mr *¢ 


DOO ODOOND OVO ONADAOBADOVANMtNOr@w 


© © ex © 


O AAI $n 0 
CPR ad et pi nd eed od od >» 
~= 


ANI — 


— 


aaa <4 


AWM AYCOQO Faryrs 


~ AAR, RR SRS SSSR UU LU LU WL LLL LO OOMNeMDOOWM 
AQ Re Wns SSSR Pe at ded ddd ddadasFaqornne 


61. 





AP PENDEX D 


SIMSCkIPT PROGRAM ANG SIM 


PREAMBLE 
VERTABLE Deel wor GN NST at eM EOL LOWS 
GENERATE ist RKOLTINES 
UemieAt 14 STATEMENTS Sf CLARE THE ENTITIES 
AND igee tR AY TRIBUTES 
PeeMANENT ENTITIES 
BEeERY SHIP HAS A LOCATION A Yer =, 
Beetle SHIPPEC, A T.CHAMGE AND MAY 
meceUNG 10 A SRIP.OUF UF 
Geese on! CwNS A SHIP QUEUE AND A SHIPPING.CUTUF 
ANG HAS A wWT.SHIPPE) AND A Vie oer =! ED. 
Peeve sf iNAL SHIPPED, 
MerireoRARY ENTITIES 
Meee re PUNDLE FAS A SORCS, 4 NUMRESLOF .2EQUTSTT INS 
peyemy REQULISTTION BAS AN (CWNER (1/4) ,POTMRITY (2/4). 
Meee TTY(l?’-32)), 
eee con eee VOLUME y foot Meek EADY .rOR. SHIP 
AND MAY BELCNG TO A SHIPOSING.QUEVE 
4 
oA STATEMENT NOTTFIES THE COMPLIS® FHAT 
EVENT Per e@eS FULLGW RATHES THAN ENTITI=ES 
Beem MOTICES INCLUDE 379°. SIMULATION 4ND EQUILIBRIUM 
¢? 
gee STATEMENTS ESTABLISH FIVE-WORD RECORDS 
f 
PIER Yer ONUOLEsr"=PARATION HAS A BOAT 
Paeex yy ARRIVAL.OF.SUNDLE HAS A TTE™ 
em Y READY .FCR~SHIPMENT HAS A ORDER 
eevee y CHANGCE.LUCATION HAS 4 TUG 
ae Pee y SHIPMENT. TQ HAS A PLACE 
Meme x?) STATEMENT TOENTTFTES THE PROCESSING 
PRIORITIES IN THE PROGRAM 
femme, ORDER 1S SBNDLE.PREPAFATION, APSIVAL.GF.3'INDL=. 
Mee YsFOR.SHIPMENT, CHANGE.LOCATION, SHIPMENT.TY, 
STOP «SIMULATICK 
fjemeeeeeWwIiG LINES EST4SSLISHES POINTESS wHICH 
Meeows THE SYSTEM 79 DWN SES. 
omeeemei Geo, Lisiczs AR& THOSE SYSTEM PAGCAMETERS 
WHICH ieeserOEATION UTILIZES 
mire SYStEM FAS A LeWAITT.TIME,& 2.WATT.TIME, A B.wil Te. “tt 
MruNae RAN .sSHIPSINTER DEPAZTUSE RANDOM STEP VARTARLE, | 
Pepe te Sime shies VIES eh eOAR TURE] SANNCM STEP VASTABL®,» 
Mem eles NITES CALS IT VAL SAND S*E8 YARIBSLT, 
Pee Sere Nob Ntete eee (VAL RANOGM STEP VARPTAGLE, 
BeeOReLUNDLEeIN ER. SRE IVA PANDO“ STEP VARTASLSE. 
Pe See NOLE wie Re ea Vel RANTEM £7 EO VAT ARL =,» 
Pee DLEs NIT ERe foe OYAL PANDO’ STEP VASTASLE, 


62 





e o ‘as 
 ® o ° e e ° / {hi Lib aT 
With) elh! oI tu th) « tll e<7 —) pe | LL! 
oes |) | on pelle (8) SJ 0G ° © De. Pa 
amy co acne “mm ~_J fi) eT e LIU! <t nm 
e-tef oc e<f threTttit Weg lliq; e<T MOS thtestty eI oe el 

LU pect ome Lee Leg eed ite Iw i t2 
Sy~ea ey Jo CO Myo ole el we -Ioud <i eae 
MAa<admat <{<Aqnq <f<{<lo M-Ta Viel <I thee See) 
5 i se ie oA, <n eT ¢ 2a Oo at al 
Pane, > eK YY ao Q Y> &. DPNoAND AJ ef CY Ute 
POAC OOO WAoOa_<a 4 O <L CY a. <Iv'<1Qa >> <I Jc <1 
“ltt <<! SWwS> SwS>a. aIati>)! > LL ry) <T ry. 
> p- RU Do }-~ Fe ub: Se-WE WwW Pan ea 
reat 7) OO COO el ULE OCC Pe bebe RL 
Os aa an eu thule, proomlWa WH vis parrw snl OC OY 
bie S = WIP thibe F $- ph IE 3 f- el te ue WRU <_ <i) 
OAs en CuMT WAM. Ce CF INCOM a rig es 
WemCacnoyd ~C) TT OO OFMmaCm 2 wHESs <1 0 rk a's 
Gets ££ we Ne ee Ole Sots aS Coes Conte <1 
2atqvreatst ae OndCOIVvOodaozwrrzt ate Cn OZzoca <n IO 
ee ge OC Le Cea) Cue 2 Iu) Wi 
Co Cee CN ee ee ee ZY SO! ofr a Zu Oxia = Oo 1) 
2 tii ise luis Swetet wae <{ ou Se Oat oO -(D e 
<1 COU Chat CC See ne See Ozma Qa IG 
ee CZ 2 Oo = Ue Oey << Yuli’ Y og Us 
GMq egret Wiueetusth- uU'ttizce eran ano DS At 
MOTI LT Uw OLCOMOLTOAMUITARCOCWZ ZN oF Ca a 
aa ee oe, Pid ay ae CS Maa MOR Da Gl US eran Nee Cag il mac oe 
z. @© et) eZ @ eads e(oSe F eW <oOt a ZWL1Ls ata 2 
Gee eh ates TE TIOIE GT eOabh es Tel aou0 TA. <{ 0 
LoagkwTeOoseOUNOaOF OTat OOCuoT e tO AAW Oore 


GiGicezG CCl) eG) 6 87. 85 tN ZOO 86 8 rE sz2m HO 62 
eaAaCIA "AQ7-aArFKSTrArFOdT *AOFF Of erracl YW eU!DwM 
H- © oO ef Cet LY eX O YO *YOKr "ATA Zev OOYw $-arts Mm e 
~Ia ere streOKMOO OYdD:e CH evrOdtdowaa FrPWe @€O 
C$O- xSAQOF ARMADA KY A MaAdrHOMWxX AdraAM «¢ ewer FRR 
ArMaAWOMr CD © eM eC) «6 CLIQH<t mK Off CORLL OUYAZS eile 


UWIitii oe 
pol jpaes Je eee Or 
COamrm uJ elLLtu alt eT<f 
<Pelef Ql uistisu 
rote OF Co) a 
Od Oo He a<t Te CT eee 
<“<Te<l Q «Te ewe ef ty 
Se oe 
So da*)2460 2 £ 
Co a SS Sa 


Ia 47 TC ONOCMUN 

OMrr sage CNM 
we Td<t Fu esa Gre 

NOE a SE wa oils as Os [Wb] Sha 


e crnaaa> 
ee CM CA MY *DDWY 

Mirad em liuuiwigy WOUr 
Witton oO OF Wicy oy or <i 
AOAWA © « eX DOCU 


ee 0OUu ¢ OS OTF *O0O4 0« COOF 0D Cy JOU rAd 6 8 8 On OW Ze 80 ee OZ 
=Wa 6 eOQOLCiAITOUORrKATAOOKMATU eT ZOMnDOA ee 0H CMWIVIOY e242 eg Zzwwe 
qa 2 Ol- 06. JWOWW yNHNOeWaetOo. IO edwWia wo UO QWwnWweg DDT Dst DDD 
AAW fLOWuId Ze OOAZE ROUT MWIAWMEFE TODO HOA eM nrvrY~WDdVGQDNMNWMNM 

AZZAM DO) © eo ee eoeeee eqs rTOee eee © oe OF Lthhxnts<el © © Orme ee eQMNYFT 
eee ee 8 OY MYA XMYINLWIY © © ee HOMO OCOODCONA eweeMyvO «© eNANO Ome il 
BIER UI OC OOS UU MULL a COL MMOMMMUMLIC _¢ LU<TOLONMWteMNcY e « OD 
oS Os Os Os hs On os ss a nn in Os as ie ee ee 0 ae A i Os en © 4 Be lati a8 bd 


<< 
dade ti id tt didi dg td @ di tt ier ad 
<1 


<I 


<{ 
Ae ded ef q<<d<f<l <i 


ARRAYS 


> —-~- 


TT TANS, MWNex, 


orp) 
fet i 


S 


JR 


QDER, 7 


SDI ES | 


DPE Ve ell ow 


C IN 


roe 
— 


eeeestiCS ARE COMPUT 


{ti e Ul oe uy + 
>> > > age 
mat) } r~ itt ae 
eC He R- 0) 

e 6 a) Pr 
to < ome lo Give 
rif- > mij~ > if 
<Iyv)D <iWy>> <IU)> 
ae ©: g S35) =z > 

@ thts elile el) 
Gamal Eg JI >< (9 

et <I of-- <t el < 
a A ra = Cy x 
14) <IUf <I) 
Se: > 80: pe aoe GU 

ag T a 
Wr eu i-t- a OU 


tI! 
Ule-<T Suste-A Fate =F 
j - 


te U Li- tf Util b- He LLItt $— 
Wie'> SF elfris BS eof) Je 3 © 
oh SL i ee aE 
t+ (Ft eer Se Ree re meee: 

e@ @ @al ®@ @ ef! © © ect 
ret b- b- SZ UII F ZNO TS 
<{ @e-i b-1t Oct O@h1r-4 @cf O@rhar-1 6 

Odide CCN OSAM 
Wis = WF Ss Wis ss 
= e ols eos e eu 
1 eet eC es eA Ni Ne eae MOC! 
Rtli 0@ e@ fF-ll! @ @ FU! 0 @ 
ex > 8M? 28K ZTS 
Rae Toe DE Ste Der SKID 
HAS Deel SS Ee ASST 


<I + +t <[ 4 bet ct m4 
Eso € a =O ri a0 a 
e<] mm e<t mm ext — 
—4> zN> o> =. 
e ° 
wz U) WW ud UL! zz Ww uJ 
<q ee) oe ps hes 2 5 
Wt F Wit- - Wwe eae 
2. = me 
YY Ww WY vy Y Y) 
> <1 <{><{ <t >- <T <f 
— a a 
awl anol ond 
<I ca 6 <{ 
- - ae 


63 





MEAN SVehWTeFINAL AS THE 


AS TRE MINIMUM CF WT.FINAL .SHIPSOED 


SUM NF TOT.REO 


64 


Stee Oe 





Q. 
eel 
mi 
v) 
ee 
VY) C 
us a) 
el +- 
a J 
<j ©) 
-* 2, 
(cy a 
<I 
Pe) o 
PES OO 
a a 
mF af 
VY) WY 
= — 
ult U: 
oe C2 a 
oer <j = 
ae tl) we 
cy 
Y) N 3) 
- Ca WY «<” 
rae, -— tL: 
A Ue, ox 
=  \ <I WV) 
Lu Oo. ia 
—- MWY om Oe 
4. <i a — 
- WO Y) AY) 
Y (ID Y) 
Oat Ww » 
OE ie mo 
sz <a *¢> Océ tu 
Hm Tore OC el > 
OZO Ww Lew 
= Ww © Mi 
—M Why = * x 
oe 7) yall) 
a fxr . ae Ue 
PEL, WtLi cd O<t 
me 6c CCN OS eT LW 
aI Te wiuwe Te Wir 


zero rave Ke CO 


Seas /<18) 


NUMBER CGF PCRTS 


- 
Oe 
O 
a. 
ti! 
= 
a) 
we. 
C2 
r 
ms a 
~~ tm 
a 
oO WY 
bw ® 
BD ia, Pg 
A hese ~ 
-- 
Cs > 1 “ CY 
mtag C 
att) 6: 
t~ — 
= Fey teste 
OU OO ee Les 
—d 4 i — 
1p At) <= 
ul. <! an) 
tL) 
ae so 
bee Y) (Cre 
oe DT oak OO oe) 
UMW twa Fk 
QA DreEO ett 
>W A>» 
~uwWwW wk 
tertPOe ws 
OUI > ee 
OS>ulees) wc 
QAw eK OW 
© 306 et Ce 
<_WOoOn © 
ee © San moe © GS 
( <{ ae 
IW _ 
© Wom oo 
* ©) Ge 


~ 
all 


AS FOLL IWS 


PEGA Ee SNt sii), 


Woe SHIP, 


pile eROENT 1 LINE 


any) 


=x He 


¥ 


TEM DAQAMETEQS 


TEN eeS YS 


Pew meeLLOWING LINES READ 


o~ 

ue! 

cy 

aD 

a 

Q oe 

tp ~ * & 

OY +L.) « - 
Ui yd <7 <t J ~ © o ns o o~ o tt) 
Oka > orpgq ull ew UI i) LL « Ltt eo D 
ety > eI ees > COCS LLCS EC Sa) a wl Cou! re 
YIearrvene Per F 7 oe ez «(CS ral e<f 
UaAgmwmanad eadedeq WaWw Weta e<efe WT 
ReWeyrdSaawridTuwT ©OTOo Crea wWraA Oo 
ati 8 e *<1 (WTOC Boze Oe. oe 
m— @ OLY (YY @2. © 080) 82 ee ef Oet ee ct ecty) 2 et Tf 
"YQ WW wWUIa<TE-F of-dtte- TRIE Treo e ashe * Ce 
QwMWwierrwWwLleerein OCC Onror tar og 
eee Fe Ea aoe eli) @ @ OM ty UOUMO a 
ck2 2a Ss 8 ee... or oe Ge eAOcdk e 
Udrah4+ © © Ohtt- © 00 Oh © CY POY OA ern FF POhihaZg 
ee HUY *a eT eeolw OYWOCO *OrvO «¢ eO@wy *YOd 


ZAWIIYJUWOWMF YTOFk eA TOA KOA TA d>OWN QaAa 
T# DOOC YUAN aAMAMNy, +O *& el) eH © eOOA<> OL 
MWTLOSZfZZZO ¢ * tO © *Os *O LS *©oO 2 + sO O2z es 
LNs DDDAZ SW. * 9D Tt IOO-O BOO- 02 elite 
© Dee ADeteoti TO ZOO UINMOWUI INO MUI yO Jt 
ZI ee Oe ICM LOU ZR MOT Zb HH OITA 
Ake My tts £ZYI-MO 2© © © wo Oo PM © ow OKIE LL © 
YIILUILOWU © © © © © © oe OK TLMYVILMWY ee ¢ & *(OCG) 

eLef <f SF DW UW WWW IOOOOCOOWUMLEY ee CtNWM 
ane Oi qegdeqdiddagddqadd date(s 


65 





VI 
co 5 
Y Ta) a 
> =} > a 
<J «<1 <I oe 
Gy = ee Fa) 
-4 
NY (+) = ad = th 
CY > <I a <I 
Loy “1 Se <I => t~ 
t- ay --t ® 4 
Lu ay Cx. ot Pal 
e eet a) Fe) Crs ™ 
Ua > ° Z. oe a) 
J<t 4 cr -' fy YN Pet 
eary a CY LJ : LL: Y) 
ee m - tli te 2 <I 
7) <J Ped =) 2. -W1 aa) 
8 om Ue e 4 e& ~ > 
tI! «<j CY ® rag e m+ {/) C) 
eg pias pl ZU mag UE Pa au > tL! 
=a <j WU Cire | Lj [fae <1 es 
a a > mm (_) ~~ © mC) 2 = 
~1 =F fo t= ang) io (Se 
LLJ«r = oars <t e <1 <otk <td) LL! 
a oO. Meuy ze cy WW Y - CY. <1 Yen + <f af: 
Sue = 2:5 my <<) <! e <! <I oe «<1> WO 
= +t pa a, One ATK On oC ae Y 
[ag rerRFEWM WW wa a ae Lites uM <a 
- > =U Ox. @ ee. TA ra eee: Oe <i a GOS fa Va) 
La SEE) Ot! MYT Kr: Oo ral ral ay Ul <1 = 
oe caic> LL) UIMUAF ae ee ez e oz” ir. sie 
COLuies iz ~ oe © Leet WM trib ase, muro Fuller Oo = 
zo <i em eI & OOwe os J «<{ ah —S te af eu! Pg 
<l 2 © ej) a Cee eyes es MOQ ALT NO tf th 
ale Wa JOCOS «CeCe s Yaw CD Ne eee aS Pa Va ee Pas elgee =. 
Or © 6 Rm OSrezZcoCwUlICc AnNnaAA Of <Oenw e€BH am TImMa Cr+ Us 
ei F- <_La2dDDZWOeeeW «© © © ees tt Df; = ee cee ee eae > 
(9c co YOO MDMDe ee * erwWANAnart C<t ear Oclw OAT Ow ora 
CCl Olt) = « 0) © 4 «Mm *Yamt +s DIO DM U> wW Ww WM WwW p> WwW WN J a3 
Ov~aAOyb-aO eye m eMuUuWtUaY OOO atae) ud oO. ity Liem tu AQ 1 
AM § Om SMWWIYWaA OA oe oOo ee hone a ee Pe tet Od Ee z= f~ b— 
Toes <P OOo «8 OO COCOA 6 62) CO DL eas aS aw u> o. <a 
TO eek HN OMIA © © en PAT Z em ew eo ely OF HON MOD +1 => _Iew Ow 
Omit YY *OCO tS ei ag ZCunyuI> HO Dw Tousee Tuy LUte D eMNMWN AO 
O WOO GUM TADD Dag ygDVIDWw RH MLZ WLOo WNL mL ALNMNMNY Saal 
RREA eO Kt Clr CHM DIOOODANNWYH Wr- OW ~o —) ~~ IW<eT lL fF 
© © oC ey © © ry CF © 8 OCFUINNNm Wt WN> WHY Wy) wir ele eel ee eS 
NQOOUWMUVAR Mr * MAO *eOment HWNa Aa & @& a. QO. CZONUOO ws 
UMNMNMNSW TuLonqmuLiownm eo LL I >- OO © > >» Ore Yowr zi 
2IEHRH CO BIT ddaqdegq anum MQ tL b Ut Us ul daide¢ fad 
mm LL) Vv) Vv) Vv) Vv) Oe OO we 
a fe 448i ie ooul LL. pas | eed Wiis THe 


- Foe LU LL Lise Lu Mota we Ue 


| 


Ad 


{ 


- 


wLOCATION 


cietkss, Cnt, 
See ee | Oe 


CoaiGe. LC Ares | 


HANG 


Fed 


Aone Loe ATI 
L 


A 


E A 


Ue | les 

al 

NUL Ss 
eae ee A 


aad 


Sie 


EQUALS 7 SCHEDULE A 
66 


ieeeeCATION( SHIP) 





cece GiVEN SHIP IN BETHSTL«SHTP «INTER NEPASTURE DAYS 

[F LOCATION(SHIP) EQUALS 8 SCH=DUL© A CHANGE.LOCATION 
cree OVEN SHIP IN DEPLOY. TIME DAYS 

IF LOCATIGNISHIP) FQUALS 9 SCHEDULE A THANGE.LOCATI’M® 
mpeg ClVeN SHIP IN 7 DAYS 
Cc 

IF LOCATION(SHIP) EQUALS 10 SCHTOUL= A CHANGE.LICATION 
mpc eClVEN SHIP IN UNIFORM.F(3.,78.,1) DAYS 
"TF LOCATION(SHIP) FQUALS LL SCHEDULE & CHANGE.LOCATION 
epgeC VEN SHIP IN 44 DAYS 

" SCHEDULE A CHANGE.LOCATION 

GIVEN SHIP IN 44 DAYS 
REGARDLESS 
REGARDLESS 
REGARDLESS 
REGARDLESS 
REGARDLESS 
REGAROLESS 
REGARCLESS 
REGARDLESS 
PEGARDLESS 
REGARDLESS 
REGARCLESS 
LO0P 
MeeesTEADY-STATE EVENT IS SCHEDULED 


Semeoull AN EQUILIBRIUM IN 14. DAYS 
SCHEDULE A STOP.SIMULATICN IN 379. DAYS 


te 
THE meee oat eMeENy FROM SEACH PERI TS SCHEDULED 
Meee VGRY FORT SCHEDULE A SHIPMENT .72 GIVEN 


Boel IN Le DAY 
START SIMULATICN 
STOP 
ENO 


67 





EVENT SQUGe TBR TUM 
STATISTICS Ae ee mee mine S|! aay ST AS 
eee L iia: TOTA oat Ts! IME, Z2eNATT WTI WE AND 


7) ma 


68 


aul Bic 
Cees Oe ewheeiNAL. SHIPPED ArlD 


Popo ee ee we 





PARAT TON 


Poe Gea eS 


BU aN ty ESS EL 


be PREPARA) IN. 


OO 


EP .ARSTVAL DAYS 


= 
re 


vl 


.] 


PUBIDLE INTER LARP IVAL DAYS 


.. @ 
e .. 


teal 


— 


ARPATIC’ 
Pe etl ete UNI = 


NOL 
AOR SIUNDLE.TNTER CARR IVAL DAYS 


REPAQATION 


Ree a fe. 
MS 


QEDAQATIAN 


Ep 


ies E 


Wet UL WU 
L JH) 
WZOQQOW 
Mr Or om or © 
dI<ai<a<I 
Ca Cah Cs ee, 


WiWiwWe Te 
Cocmme j— po 


oie Bess ic= 


NS PER PUNELE ANO 
i RMINED 


Uti 


5) 0) ee 


ed 


Sela 


MSS OLE | 
3S 


“IS (RUNDLE) 


om 
be 
i 


LSU aS GRUMeL = ) 
BUDE 


Ore THis 
Deval. OF «BUNDLE 
NTIAL-F(3.886,1) 


ARRIVAL TIME 


Be Se 
E 


NEE ONOEEe Th 


Sead 
= 


GUV 
vee 


<I tL 


69 





— 
— 
—_ 
— 
— 
—_ 


tt —— -_ -_ 
Pad ae oe _~ 
_ c~ ae ~ Cs 
= — — 4 ". 
Cc fs - = Cy (eS 
Py ! fee 4 — 6 us 
ce re — Y/) VY Y) cy a 
a mt ~~ mt — aol 4 Lt p< 
te ae Kiet CD a =s) =. Q. = 
=! fe ~ 4 cC ce Gr e fay 
Y) ee DD ry ! tt) on ui 
— | Ok IQ] ce (Cv C Cy <J es 
a 2 -~LULU F cr > ~~ ~ C? (en 
ies a las @ OR ine t-—- }-- fees e ie 
‘a Ww “Ojai > -- — ! Cy el 
© «<[<€<TC'p +- b- t <J mm 
Aw <The te <. a8 a — ma) 
oe ~ WRR OER <I <J «at ue ae 
Cig to <tc e Ole ae aa, =: e cu 
bu! < QW! e<t CG ce & a rer 
tuus QO wZZOD PZ Pe) 
es OT yy Se wee 10") Ge i ee }- - }- bee rm) 
of rath | W | ete CC) OG ut uu’ ti WY 
Met cd xm WYrxXx<x*K +}- =] | J) | 14 
al ae) C) CoyWre ty Wu sD 
Avr ~*iAW mi ai — Cy 
QO<f Ua b- Wwuos Pas Liu: 
= GC) al FE. () ty = 
ee oF WY cae 1 as un = i gi 
oo VY) f- ei eS” I can et ot t~ cL + 
aur ee D> 2 OCl- oO — | 
ma CF WU Co Cer V V V " <oUk 
Cou coal 4 eee © mb EY - _ -_ — tye 
beet TSF COT mei C (Gs 2. = 5p ur! 
We Cre CIEHYIMN DAC RW wl all OC ws. 
Set ONT Leer COL OY LI um tit Clo 
OQ Ware OFDM OM Oe me We UL we 
Lee MM NOICY <1 © Aa «fa S30 ~ ae 
Dt atte YNOCWW~—xXr MU MW wu > uly) 
o@) CCF Were >-OuU OA OOo Yo f- > 
°Y Wf aA DMIOweerAO De <f & «J © mH —~ OY 
Wu <1 <I%7 =U~w-—k-tuUmMoO ¢ Cat Gs. [oe Pas - — QO 
CM 3 eee 2 le ee Gee lO ae Os Dt Cd u. 
ww pa 4AmwWwotOuss wD wD IND <4 5 
OO jae Zens OMG OG OVW D <> 
aad a> Oascwoetngd oar weave eo —O 
"Mw 2WZOA i, Ga ae ee * ©Oa@ Oo OQ Yo 
mai) Om Ww YVUULIMMWWNLL UNM FONMwY MW 
a <I [a Bee It Be prs pee aA1Y) AIM AYN Z2NUNNMNY We 
aa. << TWILL ee a Ld tL 
<i kee WU ad ee ee Lee ti OY) 
Ww QoOwn fad ° ° “ a QOAOD ar 
-Zz= ake ee - +- on - Yammy ar 
zoe A et z. ra rg Ps <Iad<T a 
Us Le tL) cv. ae ms ht a) C509 C5 65 IO 


>We NTMe © 
WOe <b ee LL 


s 
S 


Si Wie 
2 


‘ 
S 


Cf 
= 
C ; 
—? 


cre 


Ze Seine UL 
SES 6a 
Ge 1) 2 .- 


tT 
2 


BereuUuLe A READY.FCR. 


if) 

4 

> 

(ea 

[ea 

2 

Li 

bs 

& 

<I 

x 

LL! 

VY) 

»~ 

Y 

ul 

ae 

ee 

=~ 

Ge 

OY 

UE 

Q 

UJ 

> 

8 

= 

Lis 

Ge 
UW) 
VY) J 
vant 
<I 
WY) LLU 
WY) wal 4 
WwW QO <1 
es | <-> 
eh me hc é 

Ow m 
< <1. tld 
CoOeGwwS 


UwOe Te 
Ye uwe kK Se 


Meee eyY THE BUNTLE CALLED PACKAGE 


70 





6 
Ss 0 
S 


Y f Tal 
ma oo al 
[ <f «J 
@ =) > 
Ce Gite C 
WY LL Li: ae 
uw 4 jw ©} t wy it mY — tt ht oe) ol + om) oO 
eat ' ee 
2 <1 te Noa th Y) Ug Ta) VI Vv) Vy i) VY) Ta) WY) VY) t/) 
<1 = eh ee ef as ~ = IW Ly aug ani | oa — 
oo Y) Iu <f*tT <«qqlu ef «<3 UW alu <f qo <li < <J 41S Party < <I 
cr - i SC ae =e eh och as Lie mag ee aa = ee ee ==) Dt 
<f ar re C2@. (Chg Mero” oC wx. Caz @ Gp<l. - Gh C3 Cc Cd Gaz C Bate) 
ee a a wi<et otf ke VW (oe 0 rca ee i A wry ote! Ub) gs CY ogay (ice cme EI ATi Red 
ut. -: ale fa ale <i a LW al i) ae as CH {3 As BD. «J 
m tt Me eee Gy OS ig ee gS eee oe ee ae ee ee a Se 222 ew Zz = 
Ly se ih Cite (COR VC. UST ory. CN ee Nao las. abn ea t+ oe 26xet, (Cid sc CT (2 ¢ Cat © fic 
Cc Q. a ~- @ bi + @ rt: 1 <I be a CY oe pent — —— - OY 7; ee a + —1 © 
Ww Us} eo Fl Foe FFE Fo FE Fea rk + C Fao +t WO t-UO F- eO Foe FU F , 
re ™ a AQ 1V) <4 410° 2Q@Q ao «OQ <1 TO <1 < * a e <aQO. ««10C) <6 2 <I (x 
eee: he al LO (Se. CO eG) eta €) © ya: “ED Ce 40 a) Wt a) (3 9) 0 tt- CGS 
4 6 a 06. er EI OC; € Cit C: « iC Cie. SS ISe em. 30). VG) CS 6. 4 ewe C'O 
al Ne) Fa el ee ee ene. Or. Stats ae 8 ES SIG Gee all Sei ee eee je 
win” ea CY tit e<T ecy o}— ey e<t eC! o}— e e J ect ea. yaw o> e_t e<] en e>- ect 
Ut <I oO Weo—! a= OM Oot orc oa Gm a> ot CGO @.* © + OO OS eae eee aeons 
VY) Qh. Aeatle ee eee ee Ce 8 SS Se) Vad eo ee ie Jd _f © fae See) oO 
uc ZF UNG; *) (re Ca Cr €G&* CO ct Co ca Ooo cdo Cre Cea OMe e we eas oe 
=) —~ t > U! a) < c) rae CQ b QO. ee 4 CJ Ww us LL. VY) a us ad 
ms et “= Sree Cet Oe On ot OC! CUO a) Ost eS Oke OU OC COC OO See ee GPS if GR | A pe 
Pe oe ot co Eee ae oo gob OC OS 2 OOP e) een te Ze 8 oe ee.  @ 2 44 1 eee 
ud 4) ewlD 2 Cert at mae qe ge ge fe ef oe a HW PY Aan AM AY Anh aN th PW AY 
pm 1, > ER on ee Og - Ly tL) Lu tu tht LW) © OM O © LE VY) LL Ub 
mm mm KT tet ORT OMIT ON RO Nt ONO ONT ONT OMe OMT Mt Mt Mme 
Ooo a Ou, LT «<i 42 ey eee eel 
=F ODS F OMW NW Wit wi wt wml wnt wt nw wt wi wnt wnt nw wn wnt wt WI 
2A NY U~ OM 2M I as aad ond on! onal =e | wl — at) a — = ea | 
ee HI WY UI fu Tm «2m cf enm etm ef Ie IY Ke TR UI TRlhU ICU RO Se Te UT 
mb A Dw Sati ae Dasa DSS DY De! pW Daa] Do! Do 2S) SW ease ee eee 
— =— Ur~ FF HO> VBoe ew COW AW GW GW gw Vr Gw ew ow ow ero caW Cab cul GU) 
TO yu Or a iui Une UI WN WM WN YH WM UR WH WMH UMN WWM Iie UM UN UM WWM 
2 eS wae cy) ZF = Z<. Y) Va) Vv) Va) uv) Va) Zz WY Va) Ta) Va) z. YY Y) Vv) Vv) 
Ca WwW aw © Oro moO eww eww et ema eu mw ee ee ee as et er ei a 
mad > lO 2 met Le LOL J > aI Ld > om a ee =P. ee [pe ai = Se ee eee a —_J > 
i. 9G Ce Wr UIP SS ee Oe Oe ee Oe ee DO ee OO ee 6) es Ol OL ee ee 
Wi > "SG 2 AM Nt YNZ MSF WE NZ WZ WZ wt NS NE NZ NZ Nt NZ NZ NF “NZ 
OW err OO UMNO NY NO NO MO MO ND NO NO NWO WO NOD NO NO WN HNO NO NO 
mi) ood OO — OUsC UIC Whee User Use Ulen Ula tO WO Une Ul We We UIC We Ue Wee We 
<Iiuy WwW re HOt SPy S>kF Sr oR mre Ok OR Uh OY COCO OOO I Oh ed REO Ei OO 
ey YW FRR W OQWreE Wk WO UM Wid WO tho tho We Wo Wer) Wep Wo Wr tly UO WO Wo 
uli ul WW ao. Ooty O06. 640 6.6) 26.0). eo eee) Soh. oO oOo cao oe aw aO© a0 AO eae 
e-2 > te 0 a ae ae ae ae ae ne ee oak ED cd oe co eee > ee > ee | 
Zz bo WY) ere We WR We We ke Ok Ol ae OO OO Oe Ok OO CO 
UG LL Load VY OW FY FWY FY FN FW FWY YM FN FN FN FM OM FWY FWY FON KF 


ie OO =: = 
>We Te O09" Tew UN JU a aC aC a le Sl 
(WO pew <U<Lem pew fms I ee ee ee LL ee 


fee 





LOCA*IIN 
AM sePORT. 


) 
ae | 
“I 
ae. 
© 
ut cT ad 
Ln nN _ —f 
VY) VY) Va; V) 
as 1 ad aaa | ond 
<1 OD <I <{ <f 
Je. ae) = nea 
C? <f ae, ate CPt 
0 ie @ tt. u tt! Leics 
e a tJ Pd 
Ze oe ee zo ze 
(tek- Ca © Cl ee se 
ie a oe Oe bet mC 
PGs IO ager AINE car 
TAQ <I ¢ «, <1) <Ibk 
OO © OF Co) (5 © Cretr 
ee Ss a le C'F- Cie) 
wt If) +2) wa. .IO. 
oy en o> eC) e @ 
Ok. Of) aa Om 
a?) Sel (Se 8 
Cit VeQewse O.. sCs- GE 
<I Ee LL! ° tt 
[et 9 gs CES oie 21 OR er GE ae Ci 
pe OS) eer eee Ore 
ac aV} <«¢C) «aC eT Ci 
vv) c& Te) V) V) 
fs os glee SOG als fo ete 
Wit VY) 1 VY) I YY) It Y) ff 
et zee} — al a 
SS) ee elt. ieee 
Cw cau Qu! CFU) CPL 
wy win um Wn LM 
Y) vf) Y) VY) Y 
ww(ti! —mUJj mt -mU! aw Li 
wor abe CS od aa 
liim Uline Ulm Wie Lhin~w 
Ya NZ WY WZ We 
WI Mma NO WMO wo 
LLdes thet Liew tet UL 
>kFe Ske Sr SFr Oke 
Wo WO ho wo WW 
oO ..0:0 co 6-6 asC 
~~ -Ht > LJ 


Wi Were We Wr Wk 


J > 


(Ol wee) Gea aes 
Re MARE e PSieee ik. 


LS 5 ANG SLD.LacaTia 


Cl <f 


AR.NSC CAK.PORT.CHAN 


SOU AES VS 


Peeoma aM 


Secu! 


FQOM SHIP 


N 


MNMNMNMMNNMNMNMNNAININI NAMM NNANANYNNIN YAM) a 
NMNMN YANN MMNNNAMNNNMNNNANNMNNNMMW TW 
WI LOU UU LULU Uo UU ee eS Cpe 
we) cel ced ced we) aed ed oS oe wo) A) wed Sot nd ed Sd oe I ed CJ I SO CL 
eMC me Mn Ma at 0 ae ee Ae ee Be Me Ae Oe ae Ain el a al ie ee Ae An ee a 


ee We Were WP Wetdadadgdtdddodidddatdtitoagdaadadddow 


WEY EY FY FY EUFE- 


YW FY 
AU UL UY Uk Lk LU Se ta QW WE Ud Wd Ud Be Wd Wd Qu LW QW WW Wu WU Wy WW tu Ww ee De 
Cf ot LL mt Lt mt ele OV Cera eae ae fe 


mame CeOOOOCOCOOOUOCOHOC COCOOmMOCOOmMs 


eek eee. CHANG. 


CHePEie So) Fa 


S 


ee N 


mr SECTION 


cea 


mls ON 


sg 
i 


LS 2S 
AND SSHIP.INT 


QUALS 3 $ 


I 


a De 


4 


CH 


= 


oe 


WeeLeGATIGN(VESS 


We 





EVENT READY.FOR.SHIPMENT GIVEN RED 

DEFINE Peo AS AN I[NTEGE= VASTSALE 

THE SHIPPING DESTINATION 1S FOUNE AND TIME, WEIGHT, AND 
VOLUME Seen Sel C5 eee Oe Me UTED 

LET PORT = LOCATION (OWNER(R2Q)) 

meaemereQUISITTIGN = REQ 

FILE REQUISITION TN THE SHIPOTNG, QUEJE( PO 
Moe (ME.LZREADY.~FGR.SHIP{28EQ) = TIME.V 

ADD QUANTITY(REQ)#wWwEIGHT(REQ) TO WT.SHIPPHTD(POR 
peUANTITY(REQ)FVOLUME (REQ) TO VOL.-SHI PPS) (PORT) 
ue 


73 





2. 


any > 


1a 
Att 


Bee eraniGs. LOGas 
oC | 
= 8g 


CHANG: 


- 
—- ©@ 


rand 


DAYS 
CHANG 


A 


aS 
2 


Se 


Ge SC 


Bl ders f 
Series: lel SCS rUL 


44 DAYS 


Peumoeo See OULe 98 CHANGE. LEGA! 
iS 


EQUALS 4 SCHEDULE A CHANGE.LOCAT™O 
BRMCE(9G. 35661) 


Sees Al cE (1653333+1) 
L) 


| md 
| ond 
== 


VES eile IN 
S 


GIVEN 


BSE 


oL OC AT PAN 
BES 


DQ NNNMNNMNNNMY 
WZNNMNNMNNMNMWNY) 
AL LUUU WU Li UL QU 
WD ceed wad a ceed need a) coed ced cee} —! end 
YVires@ OOO OOOQOGOOOQM 
Oils Me Mia A 8 a eee me ean 
aAdaaqadaddadadacd 
ODOODMOOOOOW 


WU LEU LW GU LU La tte <form e OO We 


(2) 


) 
) 
y) 
nea, 


a fc 
IN (CV 
St 
eS ig iS aie 


Q 

f 
a se 
(2 


OG ATE I) 
a1 Nk 
AT 
7 ( 


L 
T 
VOLUMI 
a 
EMesGa-OUT ST? ION) 


pe | ti. 
I Lm ts aa 
Cle ae — 
sate -- 
urc: ey ¥ ak. 
eS CS ge OS. _~ 
Ueto Ge 2 1 Le 
yt ei 6 CC Mii 
OM Oe! et SOW 
e¥.a 2 t- Em I1IOWDH 


COLU He Ht mm ne OH OW VY) 
© SFLAWZMCG awk wi 
me WOK C ee hb 
QO fl ce ote Se a 
0 => 1Crt Ccdtmw~(17 
mem (OY Ui eTU Or 2eIl 
T7TM CWOYCRKCr eH: 
MOL 2 CO — Ye ak 
mht I OO ON eT 
zt rail }-- er Cite, 
mee FeO IOUT OO 
Wet Cor SEC WOU 
Pe th moll el Oe OP lee 6 So ed 
ODF I~ qOoOw~r" YO 
m4 CPD) ee) C1) DU oe 0) ee 
te VIC wr Or i oe 
mex A OARHObeO 
U/)—C? DO (. 41 b= OL pes 4 
mW He Corte 5 
DWarwmortTOwn«a Law 
QZ adwm< eDwyad ¢ 
WwetY) iy em SIG) +3 
or OreWt-krrFO -OO 
LreaMEO>roz > 


eS 2 OG ea Re ees gt a Yara CE 
Or FY WW A AD 
<{ LU <I 
Lg = > 


CAeCererteeeervYe Zdet 


74 


RETURN 
END 


BOoP 





ce wa C 
C 1 > => +- 
i. -_ tT e e k 
- ” b-- Ll. Li 4 _ 
«<t x 2 Ba V) eae 
ee h8 C_i+4 4 -—! (ey 
ms b- Or }— =e -- 
~~ «<I an Ge t- 
i/) rg > (if it ut! <T > 
iLf eo =) OE “ <J 
Co b— ~ il) ili ~ + ea) 
~~ >) (— > ae a }-- 
ee, {hy “Tp — eal U) ® 
it eS vk }— ale us 
fh. — -—1 © a /; C.) 
a uw Ht t- . ~ eG > 
4 =o VAN acon ae uw Ui tL t=! 
a UL) UJ <q <j Cc > = 
Va) =, Vz =z U. 1! = Pa 
° Cc ~— @ ry e ae oO (7 
+ ° Li 4 N Di am? = am 
as ce eR a gan ane —m @ Cc a= 
it Fe itk=2] fa <i Py Se ) <1 
u Hea 22 ee Ce Oz” Pee 
—~ oo 2 Sn | ee Ino bot ht i) = 
al a. te t - ee 4 - 
<_O  OMOetH Ae UU! 40. VY) 
a~Cim LO 2 WN Wins Ue t- uu 
zerik " HE mes Te | Poel oe we TO cr ae 
Cr ttle Ojos =e: IN eq 
mele FZ mA RO HO CG OU a! 
toe oe aie ef ie Lis 
<a-—kr- wtr7CLoOa Ca a Gi YY > 
a ew CIRM HhrmwH~ — > woe CY i —~ 4 
Cy) VILLI met hk OCU ° au. 26 >O 
Us FINO SZ Sr Qe re beet Ey! U am e 
re NC~K~K~OC AS WNT NT wee uso 
TS UI ORR tae OR OY) ae) Oo = 
Oo COukrmXkre See De ke Cle" & 1 6 
=> wWtHO <tdkYNOOQY Ga —F UL. tt. 
Ww NaaxzrZ@nweuwuw wo " Oe TC) — 
WW YOR ReWIOrFR OL Qu LL) p— ae LL WJ 
Wet rer Om Rie & we © I ‘a Weel one Pra = 
Ui MDOIWMN OWS > ere FF A. De ul! h- O21. 
CO AY Ht OWe FO FO ee rm CPW) = Pla oa) 
QTqie eIOOWA Dat ed f-- Tue AO 
elmer OO Om us cx UL e Wu mati d VY) 
YM ©XASOCAKWOY OX - e* G2 a ieee | tt 
OO Bere iil Dar © =e ENE IU! WD <{ 
_ “La mwrrn qmiUvu qa <c{nn TY ae 
me Ob A eM *TA=z OF SU Or be UL! LL 
m— F- eet Olt) fe oo Padteatt—- ~ © —xMbL Wo 
om VY) KFOoOTrOrOodauwse- We moo WO Ff WO TDVN2Z 
QO et SME ONE FDU | bm | CO asS>my BY) =o 
Lise ib a Li Uh <<" OreOM iu <a 
Wr I OFF IRE a) MmOoart Nae 1uoO Tr Fro 
AWe Fe OUIUOCUUIUO a | AJIWwwOWwOwe Lae WoO wuwZ 
We & Yew Joou> Jib Li iw ArdmwOJe @ -dJe NACI 


02 





NEW PAGS 
WITH PAGE.V An is 


SIMULATION 


YE erowoie > 


OWS 
¥ 


Li 
IMULA 


e 
e 


MN LOANT NG 
CEC TTA. 


4 


f { 


Te 
Re SUE TS 


tLNCATION NAME 


PALE: | 


NO. HULL NG. 


CLASS 


SHIP 


Ge 
= 
ae 
= 
— 
U 
By 
eS ia 
id 3 
im: < 
nay Cea ne 
Pell @ fal Cc 
a ae | b 
<< toy 
pes al > 
oes) eis Sly aad 
pas os tte — 
“Ue A = 
r WW — 
7 I< ce L- 
ee ao PE Ce Say as 
mm > Uj LY = O<a 
ce, ~ ca °C) 
= 272 LOS 


“wW2unagtgteu: Wo 
— AWM < KR 
22) es) LS TC 


ata Cloaaal 
>A >>2C Kae Oo’ UO 
QefereteIOwuia <ul < 
a eo Se ke Cee be 2 ee 


Sat AJ 
mt AOS SUN OP OD et ot ed 


ENE SY SO ONS COVES ed COO ee I A? 


NIA NAN CAMO 


Lr eCAtniece 
Lose tte ee Sip ietipwecw 
qaqa deeded adag edge sc< 


pm gd eed md at ont peat ed OY OI ON OO OOO AST OP 


Y 
Ll 
Zao 
— 
a ot. 
= 


ro 
pan TF 2) 
Chay oo HE A 
ce2z 
J) rt SD mee 


NOC —J 


OMAP LAO MU 
med NG OT) SPL SP DN ced ered edd goed ed ced we Lf CO 


76 


CT = 

Ye -— 
<= Os 
9 2 pnt ee 
CE Se. 
& Ui GC. 


ADE ie 


FAR 
f 


TIME 
PP ING 


~~ 


AT NY 


MMA X 


Sy es 


VAR TANCE 


MEAN 





x # 


she 
4 


Oreck yy ee Mee 
¥en 


- 9 


RKO HO a eS kK 


VAR LWAITT. TIME 


E AS FOLLOWS 


HRS XK 


MTN 


Sere oA ee) 


Oe ye 


SHIPPING 
MAX 
Ake dc ak ie a. 0 et: 


f 


TH 
VP See WATT STs 


ME AS FOLLOWS 


eee Maes te tear ts 
Yok | kx 


le eae 
Sr) ov 


VARTANCE 


THe 
MEAN 


ISSUE 


ST TIMe FOR 
See Ph Ge oo eu 


NS 
aie 


SENT Lf 
T 


CS REPAY 
ONS WERE Th 


_— 


Jo. 


THE F 
ISSUE GROU 


te 


ra 
~ 


- wl . + Aad A de = 3 


% 


ie 


* 


TIM 


Men 


. SHIPPED 


BN 


Sse alee 
WT 


Reo S (ieee: 


MA X 
WT .SHIPPED 


MAX 
Hie Sree Pry 18 


. 


2 
eH ok ox tek ok ean 


NUMPER OF 


WE T¢ 
Oe An Sie ys 


NT eFINAL (PORT PAMIN WT CFI MAL (PORT) 
FOLLOWS 


me 
TOTAL 
MOVES “EAL OWS 


Se Ey 
NR .MOVES 


Walle 


a tot kok 


NMUMBER OF 


NB REQ 


STATISTICS REP&FSENT 


MEAN 
RSP ia ee oD 
FINAL PART, 


VART ANCE 
TAT AL 


ATIONS 
TS 


OWING 
N 

eI 

hE 


McAN 
Veo i ee 
ANC 
Pita 


Shree ED 


DESTINATION 
SHIP 





KK OK 
SMCGA10S SV Tr) S HONS UN er HE 


SiNSWd THS LyuOd 
>SMUT1043 LYO0d Yad SIiNSWdITHS JO YAEWAN SHI 


SNHL SINITV 9 LNI dd 
SANIT LANAAJLNO GS dis 
: KE & * 
SMO17104 SV (1TISONVHD £1 HLIM JNIT € LNIUd 
GS Oise t = )) vos 


SSAQW PE UN Sonvale) 


>SMOTIWS SSAUW JU YSHWAN USLVIDIOSSV GNV SSVI9D dIHS dH 


SUH iSaN 11 9 LNidd 


78 





a 
rer) 


APPENDIX 


CASE If 


i 


i 


Ce Se 
BQJALS 


DEGCTSICN RULES FOR 


fee ce V/ ls 


EySt 


tETRST! 


GO TO 


a 

Oo. 
LL} 
MI 


Clog ies. 


meersitiICS ARE 


a Yi 
OM > 
4 -_ tee 
+ oa EF 
<1 C > 
x m4 Mes 
iat |-- Cake 
t~ <—J —_ 
Vv) Pa ae |) 
1) 4 C: 
(a }~ ne @ | 
_ Y) ane 
Cr Wt <j 4 
i) a zt 
oO — tH4 © 
oO. ui =. 
bod we) U* 
a U.! tu<J 
Va Ea), C= 
e CP ~~ «=D 
t+ ° it - 
= oe. —_ = 
I me UirF a 
1" Sa ee) a 
com Wa OS CF? J 
~~. Oo. ® a 
<_O - OOte 
om CT et Cy ap uy} 
Pa ed ne VY} ete | 
Coe et ef} Qa DW 
barely Ce 
{- ze! meetin Uh 
<j m fe ae 25) 0 SR ie: 
rerFWw Ce iArinw 


VES mm ee pt F- t- OW 
aol ©) a oe Oa od 
ODM OMEN Te MNT 
Wie Cmte er rt HY) 
Sot =). @ 
~UIn <t<Tk NOC 
MAA A SMU Wwy 
M Ot tL OO OL 
Wet Lik-t- Limi e 
YILINMN—O) }& > 
CW *ttwyO WF 
Rr ee JQOOWwWOAD<_ 
es Geers Waa ars 40 
Y<f ZOO ~WOg 
ar Wie Toe e 

mL Om TY ci 
Et O.. 0) eo. F 
b- ede PLC) ee 

MeOTOrF Octet 
a= SMP FT Sle | 


@ 
ORF URE oO 


IWMe Fee OWMWWOUMWWwWoO 
ttle e We <f judo eth 


ie 


) 


2 
BRUIST TION) 


LL) 
WY) 
oud 
iw 


a 

—! _ 

Va) pe 

—) a, 

may —, 

[> t- 

Ul <I > 

O: Pa <1 
— h—4 & 
O - 
cn) Y) ° 
ale Hd po 
We Gs; 

e ceo (>) Zo 
oO ue! th) =i 
Figg t- 
th ti _) =< 

e = ‘a e 
> ages = m1 
Cr cae C) fF 
<! Pras Ge (O): <I 
lit Ea pee Pre 
‘a 1 Va) 4 

® t- a. as) 
thi — OL Vv) 
2 L/) = Lis 
— Leased Cr le 
F- 2M U! 

CF a ae 

! Ws Ul 

fa Ci, Vv) > 
> mee CY aa) tea fre 

° Cru ae = 
U. eo t- e 
> oe uid 
- oe) a4 PLS oe 
om C_) pes Ci —1 © 

=F 2” UL. b— }— 

! Ly) — 

LL’) 4 — LL. Ww 
i QO. -~}— <. o> 
2  - Lu gael & 
— Hcw eB ze 
t- Ture OM ef L 

” Yin D my Vv) 
- e VY el a | 
Ub IL NZD <I 
AWY Le c>, > 
RWWIwOe Ke WW elt 

eth om- eo Mi 11) —) 
MOM WO Fe WO 3DM2 

OOOH Oo we YN ZY HOY 
fan oO Om ti! <f > 
uIOOOsnO-~ (om) I 2zeEO 


HE 


JwwoOwwOwe TZ-ewowwZ 
XIAO dse eK de HHI MU! 


na 





APPENDIX F 


CASE Lit 


- & 


Eoin a SN 
N INTEGE 


Lou 


>We TOe WH OOe We LWOYWZ 
WOe Rem>e YU Sew Qe eA <I otu 


HANI 
Be 


WIGHT, 


Pver eta 4 = Lise, 
Gere UT EC 


ee 
c 


a 


< <t 


on dl ei ORR 
) 
c 


SNe. Ue 
D 
{ 


Oo. (ee 


Q)) 
I 
) 
) 


) 
Q 
CG 


RR 
2 
R 


TZU! eustll 
LU} Yo 
LI mp  ~w 
ah HI > > 

mY) LL }— 
1H ADR 10% pen 


ei Sea 


elt 


S55 


Mees oN RULES FOR 


See) ee Svea) yt) 


7 
2 


YA 

eal | 

«{ 

=} 

Cy 

LL 

Cc? 

ut 

~ 

~~ 

co 

ea 

(a 4 
(IC) 

me YZ 
gy ww 
At <{>D 

YY zt 


80 





APPENDIX G 
GAS © LV 
SeV/ fe 


ho! 
TV 


QUALS TIM 


= 
— 
wu 


EAS eS 


OS 


DeersiGN PULES FCR CAS 


SemestiCN RULES FCR 


se 
GEsic 
3 
os 
FOR 


* 8 


aan “ 
ae V) Cc 
= apes Be: - 
1 ~ va * e 4 
- a EF ou Vi ~~! _ 
<i C > = /) os 
Pra — Cyr he 1 ee 
tt b- COE i iat, — 
E <1 ~ Cr — 
VY) Pe =< tt It oe <T > 
ue bent C (xe vs <j 
ile: a els i) — 4 0) 
~ WwW - > = a t- 
rT) unt «<[>-4 oar i WY) . 
LL Cc 7 - ae tit fam | 
OQ. — — © e U- i) 
a tt’ - a + — ee. ree 
4 =D Ue -- aa ao) Li — 
oO Lu Us <J <{ C: = i 
WY) = Os i Lu uJ a0) ay 
° ‘ae, — 8 e e nay a. CJ 
t- e Ulex ian) > am = bs 
cA eS, oe, eae ams C2) =—- © Cc E 
" Sa Uleoe FS «1 Pade, al ES <J 
"i be eo C) (eGo et Or ep 
— Q. CJ ujyet tet OY rt et Y _ 
mor a eo fe bt ® - oO bet t— 
ZO Ft OOO Oe ou on a Y 
oa a Ce ys 9 ae: Vor = Lb. 
aol Uo | ee | oe | eo AT a © 
Clr ot I Se = > - —~W © 
ee | a =A —-—C = Cc? a Zz. 
bt 7 am_emcl ru ft wis ui: 
Tr Ne See Ge cyeG | Y) = 
zs kn CI Up nerer ~ — — i 
TY UU am ane ka +a ° CY U.. pa ~O9 
Wb WCir a be cee me OO U. - ° 
- NOA~~—lC AZT na =e Pig Veal UIC 
an LE | mee (7) ht pes Os — (/) — U) ~— ZU cy >r 
A Ou tse. 2 6 6 COU eh Ce C3 — @ 
> wr thNatdkeNnNODCYrY Com mod Soe) 728 LU -- 
ty) NAA CZMNUeUI UW ! Lim) ee 
CL MO Rete OOF OL ak LEC) bs t- UL. in 
On Te Om mw © we etl QL eb <. = 
WwW OLNNN~K-O4>-> §~> & Oo. =) 1 ae 
~~ YM WwtuOUete OO RD Ke CY) = a to 
I F& @eyyOOWO Ded e<t jf pee el. AOD Tr 
eamwO A OwmwW mw . Win pt LLY VY) 
WM Cf S2QCAeWOet OW KF © a | tt 
WO armies a+ «© 8 HNN WU) WD < 
-— aeLOMWMOY et ew ann Toe QO > 
me MOU A eH TAT AY BwwCr te W olny 
mm Ft elt PLO me i+ Cat jIt- ww @ Mi. Wo 
- VY) -OLlrOrUAULEeE LE MOO WO fF WO 2DM2Z 
QO et ALONE TOU | a Yonrreore YN SY HOY mw 
Lie te @ lwke<dt OFrFAc uUlr<t > 
ONL { Ore wee YVAIUOONOOFENOKw wT Tze O 


Else 


He eRe Cis Owmuneo 
le e Yew ef Jo > JIU 


aA IJWiNOWWOWe Tae boowz 
“i arta rOe = le MeN aw 


81 





TRIAL 


JESS) 1083: 
GROUP 


ht = 


MEAN 
PEE 


247 
~90 


a 8, 


247 
Aone 
nis, 


249 
52510) 
£50 


~48 
230 
520 


~ 46 
2) 
Peon 


sa) 
Se 0 
s5)\8) 


~48 
5) 8: 


Seren DTx 


St 
DEV 


28 
229 
=o 


29 
eee) 
2g 


Aa, 
ae 
BA, 


2258 
229 
BL, 


a2 
ne 
a2 


eo 
eo 
Be. 


- 30 
as, 


DETAR LLED RESULTS 


MAX 
Says, 


235 
1.00 
12700 


~99 
ae?) 
1.00 


ne. 
Le 
1.00 


~ 96 
1 WAY 
1 cU 


sag 
1,00 
1.00 


mele 
1.00 
1.00 


1.00 
1.00 


TOTAL 


Ree S 


Pap | 3). 


PA fae | 


UeRels, 


223 


1947 





10* 


TRIAL 


LESS Ba 
GROUP 


e570 


Pe a, 12300 
eo P00 
SES, 1.00 
.29 1.00 
230 1.00 
-29 P00 
~29 00 
CASE IL 
SMD, MAX 
DEV TIME 
Peo 6.83 
2200 » 15900 
199° 37300 
een 266293 
Pao) 1200 
2008 7 200 
2202. 6597 
205. FI 200 
DOF eit 00 
1265. 6.90 
200 7 U8 
pee 0 ed 029) 
1.91 6.96 
Ze ed 20 
2201. Teo 


83 


~00 


-00 
-00 
~99 


~ 00 
-00 
00 


MIN 
TEE 


Pl i 
~00 
-00 


~Q4 
~90 
~00 


~Q2 
-00 
~90 


-06 
200 
~00 


ae 
200 
-00 


BOTS, 


2934 


2314 


SEO) EE 
Tees 


a2 


33.6 


341 


233 


S06 





no 


freA L 


]* 


10* 


mel AL 


ISSUE 
GROUP 


fh) 


GW 8) —_ 


— 


oo Ue 
GROUP 


MEAN 
Nee uile 


- 00 
Jag he 
fa) 


SG, 
eat 
Zared 


- 00 
200 
In sis, 


- CO 
Zo 
Pas i 


- 00 
2. 89 
2 The! 


- 00 
5604 
3.04 


MEAN 
5EC ule 


CASE IIL 
Sao MAX 
DEV TENE 
Oe -00 
1.99 7.90 
1.99. 7.00 
- 00 20 
2-00 7.00 
1.98 7.00 
- 00 «00 
Vege. Fy 00 
1.98 7.00 
- 00 Be 
1.99 7.00 
20 y 7500 
- 00 - OQ 
les Sone OU 
1.95 7.00 
- 00 EO 
Dee een OU 
ZO wey aU 
CASE IY 
STD MAX 
DEV Ties, 


84 


MIN 
TERE 


- 00 


- 00 


200 


- 00 
- 00 


. 00 
. 00 
- 00 


- 00 
. 00 
5 we 


MIN 
Teas 


TOTAL 
eS 


403 


490 


413 


So7 


370 


Be) 8: 


TOTAL 
Pole 





&) 


ft) == 


Ww ho 


ew) 


NO 


NO 


GI bo 


-00 
49 
sou 


-00 
-48 
ey 


00 
249 
Rie) 7 


-00 
~48 
Se): 


00 
249 
a2 


-00 
249 
Ae) 


200 
249 
Se 


09 
249 
od 


090 
249 
Spas 


0G 
Ss, 


5 bs 


Ur 
a2io 


-414 


- 90 
ye) 
229 


~00 
SAS, 
-42 


-00 
Be 
-38 


00 
As) 
oe 


- 90 
AO LaS. 
soo 


SoG 
ee 
Se. 


Sh0, 
BE, 
ie 


85 


00 
1.00 
6.69 


- 00 
1.00 
On she 


- 00 
1.00 
6.98 


00 
1.00 
6.89 


010 
0 U 
ec celt/ 


510100 
1220.0 
bs.9t 


CO 
4.00 
ore), 


» OO 
LS Oke 
62.95 


- 00 
1200 
Tone 


~00 
50.8 
00 


Sie 
-00 
00 


00 
~00 
-00 


00 
-00 
~00 


OW 
-00 
~00 


00 
00 
- 00 


00 
.00 
~00 


00 
00 
Se 


00 
90 
-00 


1788 


1 isile)s. 


OM 


720 


1690 


ey oz 


1797 


AAS 





O= 


*Results not available. Computer menory space required 
exceeds 430,900 bytes. 


86 


orippet s0egn 





1. 


Dis eeOr en SS ERENCES 


Barksdule, G. L. and Meyer, WwW. 3B., EES GaAs Lone 
Processing Systen, Naval Postgraduate SCuOO ly, 
Monterey, California, 1976. 

Chiet of Naval Operations, OPNAV Instruction 
4790 (series), Ships Maintenance and Material 
Management, Department of the Navy, Washington D. C., 
1979. 

Chief of Naval Operations, OPNAV Instruction 


§614(series), Uniform Material Movement and Issue 
Priority Systems (UMMIPS), Department of the Navy, 
Wrong tO, Das Ce,s 16979.. 





Clark, and Disney, Probability and Randou Processes 
For Engineers and Scientists, Jo 
iae., New York, New York, 1970. 


Conway R. wW., Some Tactical Problems in Digital 
Simulation, Management Science, Vol. 10, No. 1, Oct, 
1963. 

Degroot, Morris ., Probability and Statistics, 
Addison-Wesley Publishing Company, Reading, 


Massachusetts, 1975. 


Fishman, Seorge S., Principles of Discrete Event 


Simulation, John Wiley and Sons, New York, New York, 
1978. 


Eon Uc mona Gallitz,. Rk. J, 
of the Oakland Naval Supply Center's Bay 
a, 


Naval Postgraduate School, Monterey, 


87 





10. 


11. 


2 « 


ie . 


Salavrormiza, t976. 


avert eo my rieandeva, &.5 and Markowitz, H. U., 
SIMSCRIPT Il fee Cee eiieewm LOS Angeles, California, 
1975. 


Naval Supply Systems Command, NAVSUP Pub. 437, 2 


Department of the Navy, Washington D. C.. 


Naval Supply Systems Command, wore yi pulled asc eho) 
Programs, UEQ2, UBOY, UB61, S928, , Department of the 


Navy, WaShington D. C.. 


Shannon, Robert £E, Systems Simulation the 
Science, Prentice-Hall, Inc., Englewood Cliffs, New 


eo ee ee ee oo 


Jersey, 1974. 


’ Sitroc n 2 PT i Reference Handbook, 
wmpeeen i. ine, Los Angeles, California, 1976. 


88 





PVP bee bor ReBULTION LIstT 


Defense Logistics Studies 
Information Exchange (DLSTIE) 
Fort Lee, Virginia 23801 


Derense Documentation Center 
Cameron Station 


Alexandria, Virginia 22314 


Library, Code 0142 
Naval Postgraduate School 


Monterey, California 93940 


Departmeat Chairman, Code 55 
Department of Operations Research 
Naval Postgraduate School 


Monterey, California 93940 


LCDR Gary J. Angelopouios 
mOUuseSwW 126th Street 
rams, Fiorida 33176 


Professor A. W. McMasters 
Code 54Mg 

Naval Postgraduate School 
Monterey, California 93940 


CDR Robert D. Grant 

Code 08 

Naval Supply Center Jakland 
Oakland, California 94625 


Mc. H. J. Lieberman 


89 





Code 0431B 
Naval Supply Systems Command 
Washington, D.C. 20376 


90 








Thesis 


A545 Angelopoulos | C3 4° | 2 
ecm l impacuson U.S. naval 


vessel movements within 


San Francisco Bay Area on 
Naval Supply Center Oak- 
land's transportation 
system. 


thesA545 
Impact of U.S. naval vessel movements wi 


DUDLEY KNOX LIBRARY 





